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FOREWORD 
The u s e  of  a buoyant  s t a t i o n  t o  e x p l o r e  t h e  atmosphere of Venus 
h a s  shown g r e a t  promise i n  p rev ious  s t u d i e s . *  The h i g h  tempera-  
t u r e s  and p r e s s u r e s  l i k e l y  t o  be  encountered  and t h e  unknown 
s u r f a c e  c h a r a c t e r i s t i c s  tend  t o  make t h e  i n  s i t u  e x p l o r a t i o n  
of  t h i s  p l a n e t  d i f f i c u l t ,  The buoyant s t a t i o n  concep t  p e r m i t s  
t h e  m i s s i o n ' s  i n s t r u m e n t s  t o  b e  f l o a t e d  i n  t h e  a tmosphere  i n  a 
moderate  environment ,  l o c a l i z i n g  t h e  environment problem t o  r e l a -  
t i v e l y  compact d r o p  sondes ,  and avo id ing  t h e  problems o,f l a n d i n g ,  
deployment ,  and s u r v i v a l  on t h e  s u r f a c e .  R e l a t i v e l y  s imple  m i s -  
s i o n s  can  thus  b e  d e f i n e d  t h a t  have t h e  advantages  o f  l o n g  du ra -  
t i o n  and m o b i l i t y  ove r  t h e  s u r f a c e ,  depending on  t h e  e x i s t i n g  wind 
p a t t e r n s ,  From such a s t a t i o n ,  r e l a t i n g  b o t h  t o  t h e  
atmosphere and t h e  s u r f a c e  can  s u r f a c e  measurements 
can  b e  o b t a i n e d  e i t h e r  dropped from t h e  
p a r e n t  buoyant  s t a t i o n .  
T h i s  f i n a l  r e p o r t  on t h e  Buoyand Venus S t a t i o n  Miss ion  F e a s i -  
b i l i t y  S tudy  f o r  1 9 7 2  - 1 9 7 3  Launch ( O p p o r t u n i t i e s  i s  submi t t ed  by 
w i t h  C o n t r a c t  NAS1-7590. 
t h e  Mar t in  M a r i e t t a  Corpora t ion ,  De I v e r  D i v i s i o n ,  i n  accordance  7 
This  r e p o r t  i s  submi t t ed  i n  thre 'e  volumes a s  fo l lows :  
Volume I - Miss ion  Summary e f i n i t i o n  and Comparison; 
Volume I1 - T r a j e c t o r y  Ana1y;;is I f o r  1972 and 1973  M i s -  
s i o n s  ; 
Volume I11 - C o n f i g u r a t i o n  D e k i n i t i o n .  
Y e J .  F .  Bax te r :  F i n a l  R e p o r t ,  Buoyant Venus S t a t i o n  F e a s i -  
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FINAL REPORT- 
BUOYANT VENUS STATION MISSION FEASIBILITY STUDY FOR 
1972 - 1973 LAUNCH OPPORTUNITIES 
VOLUME 111: CONFIGURATION DEFINITION 
By P a t r i c k  C .  C a r r o l l ,  Ronald E .  F rank ,  and J a c k  D .  P e t t u s  
Mar t in  M a r i e t t a  Corpora t ion  
The Buoyant S t a t i o n l E n t r y  System i s  i n v e s t i g a t e d  t o  de t e rmine  
i t s  c o m p a t i b i l i t y  w i t h  s p e c i f i e d  .miss ions .  The mis s ions  c o n s i d e r e d  
a r e :  
1) 
2)  1973 m i s s i o n  w i t h  o r b i t e r  s p a c e c r a f t ;  
3 )  
1972 m i s s i o n  w i t h  f l y b y  s p a c e c r a f t ;  
1973 m i s s i o n  i n  c o n j u n c t i o n  w i t h  a Mercury/Venus 
swingby o p p o r t u n i t y .  
A b a s e l i n e  c a p s u l e  sys tem -- a e r o s h e l l ,  buoyant  s t a t i o n ,  and 
subson ic  probe -- i s  d e f i n e d .  There a r e  many p o i n t s  of  s i m i l a r i t y  
f o r  a l l  t h r e e  m i s s i o n s ,  
The configurations and the subsystem _____ concepts _I_ are described - 
to the depth necessary to identify major probxem areas and to 
make comparisons between missions. 
system, while a candidate for early effort, appears to be well 
within present technology. 
of course, be common for all Venus Probes. 
Development of a balloon 
The heat shield development will, 
The o b j e c t i v e  o f  t h e  s t u d y  was t o  i n v e s t i g a t e  t h e  f e a s i b i l i t y  
o f  s e v e r a l  s p e c i f i c  Venus e x p l o r a t i o n  m i s s i o n s  u s i n g  t h e  buoyant  
s t a t i o n  concep t .  T r a j e c t o r y  a n a l y s e s  were performed -- i n t e r p l a n -  
e t a r y ,  o r b i t a l ,  f l y b y  approach ,  and a tmosphe r i c  e n t r y  -- by de-  
f i n i n g  m o d i f i c a t i o n s  to  s p e c i f i e d  i n t e r p l a n e t a r y  s p a c e c r a f t  and by 
d e f i n i n g  t h e  c o n f i g u r a t i o n  o f  t h e  buoyant  s t a t i o n  e n t r y  sys t em,  
The f i n a l  s t e p s  o f  t h e  s t u d y  c o n s i s t e d  o f  comparing t h e  s p e c i f i e d  
m i s s i o n s ,  i n c l u d i n g  p r e p a r a t i o n  o f  p r e l i m i n a r y  c o s t  and s c h e d u l e  
i n f o  rma t i o n ,  
The t e c h n i c a l  g u i d e l i n e s  t o  which t h e  s t u d y  was performed are  
a s  f o l l o w s :  
2)  
3) 
4 )  
5 )  
7 )  
The m i s s i o n s  t o  be i n v e s t i g a t e d  and compared are  - 
1972 f l y b y  m i s s i o n ,  
1973 o r b i t e r  m i s s i o n ,  
1973 Mercury/Venus swingby; 
- 
The SLV 3C/Centaur and T i t a n  I I I C  w i l l  be c o n s i d e r e d  
a s  c a n d i d a t e  launch  v e h i c l e s ;  
I n t e r p l a n e t a r y  t r a j e c t o r y  p a r a m e t e r s ,  a s  d e f i n e d  i n  
JPL  TM 33-334, TM 33-342, and TM 32-1062 s h a l l  b e  used;  
Venus atmospheres  a r e  a s  d e f i n e d  i n  NASA SP-3016; 
A complete  DSIF network w i l l  be  assumed t o  be a v a i l -  
a b l e ;  
The Mar iner  1969 a s  d e f i n e d  i n  Mar iner  Mars 1969 
F u n c t i o n a l  Requirements  s h a l l  b e  used  f o r  t h e  f l y b y  
mis s ion  s p a c e c r a f t ;  
The modi f ied  Boeing Lunar O r b i t e r  a s  d e f i n e d  i n  NASA 
CR-66302 w i l l  b e  used  f o r  t h e  o r b i t a l  m i s s i o n  space-  
c r a f t ;  
The Mercury/Venus s p a c e c r a f t  w i l l  b e  a s  d e f i n e d  i n  JPL 
document 760-1; 
The s p a c e c r a f t  w i l l  n o t  be s t e r i l e ;  
The s p a c e c r a f t  may serve a s  r e l a y  s t a t i o n s  f o r  d a t a  
t r a n s m i s s i o n ;  
The minimum weight  BVS ( i n v e s t i g a t e d  under  C o n t r a c t  
NASI-6607) w i l l  be used  a s  t h e  b a s e l i n e  s t a t i o n  con- 
f i g u r a t i o n ;  
The e n t r y  sys tem w i l l  p r o v i d e  c o n d i t i o n s  compa t ib l e  
w i t h  BVS deployment r e q u i r e m e n t s ;  
The e x t e r n a l  shape  o f  t h e  e n t r y  system c a p s u l e  w i l l  
be  a l a r g e  a n g l e  b l u n t e d  cone;  
S t e r i l i z a t i o n  r equ i r emen t s  a s  d e f i n e d  i n  JPL S p e c i f i -  
c a t i o n s  Nos. XSO-30275-TST-AJ and GMO 50198ETS-A s h a l l  
be used .  
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The above t e c h n i c a l  g u i d e l i n e s  p e r m i t t e d  t h e  buoyant  s t a t i o n  
concept  t o  be  cons ide red  w i t h i n  t h e  framework m i s s i o n  o f  s p e c i f i c  
modes and o p p o r t u n i t i e s .  The v a l u e  o f  such a n  approach  -- a s i d e  
from ex tend ing  t h e  u n d e r s t a n d i n g  o f  t h e  buoyant  s t a t i o n  f e a s i b i l i t y  
and f u r t h e r  d e l i n e a t i n g  t h e  problem a r e a s  -- was t o  a s s e s s  which 
m i s s i o n  modes b e s t  complement, o r  a r e  complemented by, t h e  buoyant  
s t a t i o n .  
S e v e r a l  o f  t h e  l i s t e d  g u i d e l i n e s  were mod i f i ed  e a r l y  i n  t h e  
s t u d y  -- p r i m a r i l y  on t h e  b a s i s  o f  t h e  b e t t e r  u n d e r s t a n d i n g  o f  
Venus t h a t  r e s u l t e d  from t h e  Venus Mar iner  m i s s i o n  i n  1967 and 
t h e  Russ i an  m i s s i o n  i n  t h e  same y e a r .  The g u i d e l i n e  m o d i f i c a t i o n s  
a r e  a s  fo l lows :  
1) The concept  o f  u s i n g  t h e  minimum weight  BVS developed  
under  C o n t r a c t  NAS1-6607, was d i s c a r d e d  on t h e  grounds 
t h a t  the 20-lb s c i e n c e  complement was no l o n g e r  r eason-  
a b l e  i n  t h e  l i g h t  o f  t h e  Russ i an  and Mar iner  s u c c e s s e s ,  
which made a l a r g e r  payload more a p p r o p r i a t e  f o r  con- 
s i d e r a t i o n ,  The b a s e l i n e  s c i e n c e  payload was i n c r e a s e d  
t o  a p x o x i r n a t e l y  58 l b .  
2) The SLV 3 C  Centaur  was d e l e t e d  from f u r t h e r  c o n s i d e r -  
a t i o n  e a r l y  i n  t h e  s t u d y  because  i t  s e v e r e l y  l i m i t e d  
t h e  s i z e  o f  t h e  BVS under  c o n s i d e r a t i o n  -- p a r t i c u l a r l y  
f o r  t h e  o r b i t e r  m i s s i o n s .  
3) The a tmosphe r i c  models o f  NASA SP-3016 were n o t  u sed  
because  b e t t e r  d a t a  were a v a i l a b l e  and cou ld  b e  a p p l i e d  
w i t h  r e a s o n a b l e  a s s u r a n c e  o f  i t s  v a l i d i t y  ( s e e  appendix  
A) 
F i n a l l y ,  a l though  n o t  s p e c i f i e d  i n  t h e  g u i d e l i n e s ,  i t  was de-  
c i d e d  t o  f l o a t  t h e  buoyant  s t a t i o n  w i t h i n ,  r a t h e r  t h a n  above t h e  
c louds  because  t h e  s c i e n t i f i c  v a l u e  o f  t h e  m i s s i o n  would b e  s i g -  
n i f i c a n t l y  i n c r e a s e d ,  A l so  a d u a l - a l t i t u d e  m i s s i o n  performed i n i -  
t i a l l y  above t h e  c louds  was c o n s i d e r e d  w i t h  a second phase  o f  des -  
c e n t  and f l o a t a t i o n  a t  lower a l t i t u d e s  ( s e e  appendix  E ) .  
A t  t h e  end o f  t h e  second month o f  t h e  s t u d y ,  t h e  recommendation 
was made t o  i d e n t i f y  t h e  e n t r y - f r o m - o r b i t  concept  and t h e  f l y b y  
m i s s i o n  w i t h  d i r ec t - to -ea r th -communica t ion  a s  t h e  approved con- 
f i g u r a t i o n s  f o r  t h e  o r b i t a l  and f l y b y  modes r e s p e c t i v e l y .  The re- 
main ing  d e s i g n  e f f o r t  was c o n c e n t r a t e d  on t h e s e  c o n f i g u r a t i o n s .  
The Venus Mercury m i s s i o n  was added i n  t h e  seven th  month a s  was 
t h e  d u a l - a l t i t u d e  concep t .  
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Volume I of  t h i s  r e p o r t ,  Mis s ion  Summary D e f i n i t i o n  and Com- 
p a r i s o n ,  summarizes t h e  approved mis s ion  c o n f i g u r a t i o n s  s o  t h e  
m i s s i o n  modes and o p p o r t u n i t i e s  under c o n s i d e r a t i o n  can  be com- 
p a r e d ,  Volume I i n c l u d e s  a P r e l i m i n a r y  P l a n  ( C o s t  and Schedule)  
f o r  each m i s s i o n  and a n  i d e n t i f i c a t i o n  o f  mandatory o r  d e s i r a b l e  
t echno logy  e f f o r t  r e l a t e d  t o  t h e  BVS concep t .  
Volume 11, T r a j e c t o r y  A n a l y s i s  f o r  1972 and 1973 Miss ion ,  p re -  
s e n t s  t h e  m i s s i o n  a n a l y s i s  performed f o r  t h e  t h r e e  m i s s i o n s .  A 
b a s e l i n e  i s  d e f i n e d  f o r  each m i s s i o n ,  i n c l u d i n g  i n t e r p l a n e t a r y  
t r a j e c t o r i e s ,  o r b i t a l  pa rame te r s  and f l y b y ,  approach,  and atmos- 
p h e r i c  e n t r y  t r a j e c t o r i e s  . 
T h i s  volume, C o n f i g u r a t i o n  D e f i n i t i o n ,  d e f i n e s  and documents 
t h e  approved c o n f i g u r a t i o n  f o r  each m i s s i o n .  I n c l u d e d  a r e  t h e  
buoyant  s t a t i o n  e n t r y  system and m o d i f i c a t i o n s  t o  t h e  s p a c e c r a f t .  
The a u t h o r s  o f  each appendix t o  t h i s  volume a r e  a s  f o l l o w s :  
Appendix A - A l l a n  R .  Ba rge r ;  
Appendix B - H .  Edward Sparhawk and John R .  M e l l i n ;  
Appendix C - Ronald E .  F rank  and J a c k  D .  P e t t u s ;  
Appendix D - Allan R,  Barger, Jack D. Pettus and Paul Reznicek; 
Appendix E - P a t r i c k  C .  C a r r o l l  and R o b e r t  W .  S t o f f e l ;  
Appendix F - James E .  Cole  and Ted H .  Tucker;  
Appendix G - James W .  B e r r y ;  
Appendix H - Wal te r  F .  Hane and J a c k  D .  P e t t u s .  
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phase s h i f t  key modulated s u b c a r r i e r  phase  modu la t ing  a 
c a r r i e r  
p r o b a b i l i t y  o f  word e r r o r  
r a d i o i s o t o p e  t h e r m o e l e c t r i c  g e n e r a t o r  
s e p a r a t i o n  
s p a c e c r a f t  
s i l i c o n  c o n t r o l l e d  r ec t i f i e r s  
sequencer  
s i g n a l -  t o - n o i s e  r a t i o  
s i g n a l - t o - n o i s e  r a t i o  i n  
s i g n a l - t o - n o i s e  r a t i o  o u t  
spec t romete r  
samples  p e r  second 
s t a g i n g  
s y n c h r o n i z a t i o n  
t e m p e r a t u r e ,  O K  
t empera tu re  
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P C  
e 
2BL0 
system t empera tu re ,  ‘I< 
t e l e v i s i o n  
t i m e  bandwidth p roduc t  
v o l t a g e  s t a n d i n g  wave r a t i o  
t r a n s d u c e r  
t r a n s m i t t e r  
s p a c e c r a f t  r e l a y  an tenna  a s p e c t  a n g l e  
s p a c e c r a f t  an tenna  b o r e s i g h t  a n g l e  r e f e r e n c e d  t o  l i n e  
o f  a p s i d e s ,  d e g r e e s  
B sum o f  a: and a 
BVS an tenna  a s p e c t  a n g l e  BVS t o  S I C  
B 1  
t a r g e t i n g  a n g l e ,  c e n t r a l  a n g l e  measured from e n t r y  
p o i n t  t o  p e r i a p s i s ,  deg ree  
v e l o c i t y  increment  
p o l a r i z a t i o n  l o s s  
e n t r y  f l i g h t  pa th  a n g l e ,  n e g a t i v e  down, deg 
wave l e n g t h  (communications geometry) 
l e a d  a n g l e ,  c e n t r a l  a n g l e  between t h e  s p a c e c r a f t  and 
t h e  e n t r y  v e h i c l e  a t  e n t r y ,  deg ( f l i g h t  mechanics)  
f o r  an tenna  g a i n  p a t t e r n s - a n g l e  normal t o  p l ane  of  
w i d e s t  beamwidth, deg rees  
communication d i s t a n c e ,  A , U .  
modula t ion  index ,  r a d i a n s  





A BVS/entry system has  been d e f i n e d  i n  d e t a i l  f o r  t h r e e  s p e c i -  
f i c  m i s s i o n s  ( i l l u s t r a t e d  i n  f i g ,  1): 1972 f l y b y  m i s s i o n ,  1973 
o r b i t a l  mi s s ion ,  and 1973 Venus/Mescury m i s s i o n .  
A l l  m i s s i o n s  a f t e r  e n t r y  a r e  g e n e r a l l y  s i m i l a r  and f o l l o w  t h e  
sequence o f  s e p a r a t i o n ,  deployment,  and i n f l a t i o n  shown i n  f i g u r e  
2 .  The BVS/entry system c o n s i s t s  o f  t h e  f o l l o w i n g  e lements  a s  
shown i n  f i g u r e  3:  
1 )  Buoyant s t a t i o n  (BVS); 
2) Subsonic  probe;  
3 )  A e r o s h e l l  and equipment attached to aeroshell; 
4 )  P r o p u l s i o n  module; 
5 )  B iocan i s  ter ;  
6)  S / C  a d a p t e r  f o r  a t t achmen t  o f  c a p s u l e ,  
The BVS, g e n e r a l l y  s i m i l a r  f o r  a l l  m i s s i o n s ,  s u p p o r t s  a 175-  
l b  gondola under  hydrogen g a s - i n f l a t e d ,  s u p e r - p r e s s u r e  b a l l o o n  
f l o a t i n g  58 km above t h e  s u r f a c e .  The gondola c o n t a i n s  a 58- lb  
complement o f  expe r imen t s .  Communications a r e  e i t h e r  r e l a y e d  
t o  a companion o r b i t e r  s p a c e c r a f t  o r  d i r e c t  t o  e a r t h .  The f l y b y  
m i s s i o n s  i n  1 9 7 2  and 1973 use  t h e  direct l i n k  d u r i n g  t h e  f l o a t a -  
t i o n  phase,  wh i l e  t h e  o r b i t a l  m i s s i o n  u s e s  t h e  r e l a y  mode. 
The a e r o s h e l l  houses  t h e  BVS, subson ic  probe ,  and equipment 
mounted t o  t h e  s t r u c t u r e  t h a t  i s  no t  r e q u i r e d  a f t e r  BVS s e p a r a -  
t i o n  from t h e  a e r o s h e l l .  An 8 . 5 - f t - d i a m  b l u n t e d  cone shape  i s  
u sed  f o r  t h e  o r b i t a l  and 1972 f l y b y  m i s s i o n s  w i t h  an  e l a s t o m e r i c  
h e a t  s h i e l d .  The Venus/Mercury m i s s i o n  r e s u l t s  i n  a h i g h e r  e n t r y  
v e l o c i t y ,  4 3  500 f p s ,  r e q u i r i n g  a h igh  d e n s i t y  ( ca rbon  p h e n o l i c )  
h e a t  s h i e l d  m a t e r i a l .  The a e r o s h e l l  f o r  t h i s  m i s s i o n  was reduced  
t o  a 7 . 0  f t  diam. Because o f  t h e  base  h e a t i n g  a s s o c i a t e d  w i t h  
a tmosphe r i c  e n t r y  o f  Venus, and a f t e r b o d y ,  o r  cove r ,  i s  r e q u i r e d ,  
















































































































































A p r o p u l s i o n  module i s  r e q u i r e d  t o  d e f l e c t  o r  d e o r b i t  t h e  
c a p s u l e  a f t e r  s e p a r a t i o n  from t h e  S I C ,  supp ly ing  50 mps, 93 mps, 
and 250 mps t o  t h e  c a p s u l e  f o r  t h e  1972 f l y b y ,  1973 Venus/Mercury 
swingby, and 1973 o r b i t a l  m i s s i o n s ,  r e s p e c t i v e l y .  Th i s  module i s  
s e p a r a t e d  immediately ' a f t e r  f i r i n g ,  b e f o r e  a tmosphe r i c  e n t r y  o f  
t h e  c a p s u l e .  
The b i o c a n i s t e r  i s  a b i o l o g i c a l  b a r r i e r  t h a t  e n s u r e s  t h e  
s t e r i l i t y  o f  t h e  c a p s u l e  f o l l o w i n g  h e a t  s t e r i l i z a t i o n .  The c a n i -  
s t e r  c o n s i s t s  o f  a forward 'and  a f t  s e c t i o n .  The forward s e c t i o n  
i s  p y r o t e c h n i c a l l y  s e p a r a t e d  from t h e  a f t  c a n i s t e r  j u s t  b e f o r e  
capsule-SIC s e p a r a t i o n .  The a f t  c a n i s t e r  i s  i n t e g r a l  w i t h  t h e  
capsule-SIC a d a p t e r .  
Drop Sonde 
Two sma l l  d r o p  sondes a r e  dropped from t h e  buoyant  s t a t i o n  
t o  t h e  s u r f a c e  a f t e r  t h e  s t a t i o n  has  been dep loyed ,  P r e s s u r e  
t empera tu re  and wa te r  vapor  a r e  measured.  These d a t a ,  a c q u i r e d  
by each sonde a s  i t  descends t o  t h e  s u r f a c e ,  a r e  r e l a y e d  t o  t h e  
buoyant  s t a t i o n  v i a  a f requency  s h i f t  key t e l e m e t r y  l i n k  ope ra -  
t i n g  a t  1500 MHz. The an tennas  a r e  a h e l i x  l o c a t e d  on t h e  bot tom 
o t  t h e  s t a t i o n  gondola  and a curved  c r o s s - d i p o l e  l o c a t e d  on t h e  
t o p  of t h e  d r o p  sonde ,  The sonde d a t a  sys tem o p e r a t e s  a t  1 b p s .  
The BVS, i n  a d d i t i o n  t o  t h e  1500 MHz an tenna ,  r e q u i r e s  a 1500 
MHz FSK r e c e i v e r ,  a b i t  synchron ize r ,  and c o r e  s t o r a g e  o f  a t  
l e a s t  1800 b i t s .  
Subsonic  Probe 
The subson ic  probe h a s  an  independent  m i s s i o n  o f  sampling t h e  
lower and n e a r - s u r f a c e  atmosphere d u r i n g  i t s  b a l l i s t i c  f l i g h t  t o  
t h e  s u r f a c e .  
BVS mission, but has been treated as an independent experiment ' 
and complete subsystem details have not been defined. The 
probe has been given an 85 lb weight allocation, of which 
18.5 lb are allocated to science. 
T h i s  probe i s  a n  a t t r a c t i v e  a d d i t i o n  to the basic 
The probe i s  shown i n  f i g u r e  4 w i t h  i t s  c o n i c a l  shape  and 
b a l l i s t i c  c o e f f i c i e n t  o f  6 .0  s l u g s / f t 2 .  
f l i g h t  t i m e  o f  30 minu tes  t o  t h e  s u r f a c e  based  on r e l e a s e  from 
t h e  BVS i n f l a t i o n  module a t  a n  a l t i t u d e  of  approximate ly  70 km. 





The c o n s t r u c t i o n  concept  i s  based on an  evacua ted  equipment 
compartment t h a t  r e q u i r e s  p r e s s u r e  bulkheads b o t h  forward  and 
a f t .  The c r o s s  s l o t ,  cav i ty-backed  an tenna  i s  p r o t e c t e d  by a 
radome. 
Thermal c o n t r o l  i s  accomplished by a combina t ion  of  phase 
change m a t e r i a l  such a s  t e t r a c o s a n e ,  a p a r a f i n  w i t h  a m e l t i n g  
t empera tu re  o f  124°F a n d ' a  h e a t  o f  f u s i o n  o f  109 B t u f l b ,  i n  con- 
j u c t i o n  w i t h  r a d i a t i o n  s h i e l d s  and f i b e r o u s  i n s u l a t i o n .  Th i s  sub- 
system i s  e s t i m a t e d  t o  weigh 14.5 l b .  
The probe communication l i n e  i s  d i r e c t l y  t o  t h e  s p a c e c r a f t  
f o r  t h e  o r b i t a l  and f l y b y  m i s s i o n s .  The r e l a y  l i n k  i s  accomplished 
w i t h  a u h f ,  400 MHz t r a n s m i t t e r  o p e r a t i n g  a t  10 W r f ,  s end ing  240 
bps o f  s c i e n t i f i c  d a t a .  There  i s  one d a t a  format  f o r  t h e  e n t i r e  
m i s s i o n .  The Venus/Mercury m i s s i o n  r e q u i r e s  an  S-band l i n k  d i -  
r e c t l y  t o  e a r t h .  A 20 W t r a n s m i t t e r  sends  120 bps  t o  t h e  DSN 
uncoded. 
A complement o f  exper iments  i s  shown i n  t a b l e  1 f o r  t h i s  type  
probe  on t h e  l i g h t  s i d e  o f  t h e  p l a n e t .  The remain ing  subsystem 
weight  a l l o c a t i o n s  a r e  shown i n  f i g u r e  4 .  
Deep Space N e t  Support  
F o r  t h e  BVS o r b i t a l  m i s s i o n  t h e r e  a r e  no d i r e c t  communications 
i n t e r f a c e s  w i t h  t h e  BVS s i n c e  a l l  d a t a  i s  r e l a y e d  through t h e  S I C .  
T h e r e f o r e  s u p p o r t  f o r  t h e  BVS would be  e q u i v a l e n t  t o  s u p p o r t i n g  
a s c i e n c e  exper iment  onboard t h e  S I C  and t h e  s t a t i o n  c o n f i g u r a t i o n  
would be  e q u i v a l e n t  t o  t h a t  f o r  t h e  Venus o r b i t e r  s p a c e c r a f t .  
Fo r  t h e  f l y b y  m i s s i o n s ,  however, t h e r e  i s  a d i r e c t  communi- 
c a t i o n s  i n t e r f a c e  w i t h  t h e  BVS and some d i s c u s s i o n  o f  t h e  E a r t h -  
based  subsystems i s  n e c e s s a r y .  
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TABLE 1. - SCIENCE COMPLEMENT FOR SUBSONIC PROBE 
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Venus f l y b y  DSN c o n f i g u r a t i o n . -  The d i r e c t  communications i n -  
t e r f a c e  w i t h  t h e  BVS f o r  t h e  Venus f l y b y  m i s s i o n  o c c u r s  immedia te ly  
fo l lowing  t h e  deployment o f  t h e  buoyant s t a t i o n ,  Both a d i r e c t  
S-band command and a t e l e m e t r y  l i n k  a r e  u s e d .  Each conforms t o  
t h e  
t h e  
a r d  
and 
a r e  
s t a n d a r d  s t a t i o n  c o n f i g u r a t i o n  i n  t h a t  t h e  command l i n k  u s e s  
s t a n d a r d  Mar iner  1969 c o n f i g u r a t i o n  and t h e  t e l e m e t r y  i s  s t a n d -  
f o r  t h e  M u l t i p l e  Miss ion  Telemet ry  Subsystem (MMTS) ( r e f s ,  2 
3) p r e s e n t l y  b e i n g  developed  f o r  t h e  network by J P L .  
F o r  t h e  command l i n k  an 8 5 - f t * a n t e n n a  and a 100 W t r a n s m i t t e r  
r e q u i r e d .  F o r  t h e  t e l e m e t r y  l i n k  a 210- f t  an tenna  i s  r e q u i r e d .  
I 
A t  t h e  t i m e  o f  e n t r y  through deployment o f  t h e  BVS p l u s  20 
minu tes ,  b o t h  t h e  f l y b y  S I C  and t h e  BVS r e q u i r e  d i r e c t  two-way 
communications w i t h  a DSN s t a t i o n .  T h e r e f o r e ,  one s t a t i o n  must 
suppor t  t h e  S I C  and a n o t h e r  s t a t i o n  must s u p p o r t  t h e  BVS d u r i n g  
t h i s  p e r i o d .  Th i s  means t h a t  encounter  must  occur  w h i l e  two 
E a r t h  s t a t i o n s  a r e  i n  view o f  t h e  p l a n e t .  
Venus/Mercury f l y b y  DSN c o n f i g u r a t i o n . -  The command and t e l e m -  
e t r y  s u p p o r t  c o n f i g u r a t i o n  f o r  t h e  BVS f o r  t h i s  m i s s i o n  i s  t h e  
same a s  f o r  t h e  Venus / f lyby  m i s s i o n  e x c e p t  t h a t  d i r e c t  c o m u n i c a -  
t i o n s  coverage  i n  nea r  r e a l  t i m e  p l u s  p r e d e t e c t i o n  r e c o r d i n g  o f  
t h e  t e l e m e t r y  i s  r e q u i r e d  d u r i n g  e n t r y .  A 48 Hz r e c e i v e r  c a r r i e r  
t r a c k i n g  loop  bandwidth i s  t o  be  used  i n s t e a d  o f  1 2  Hz a s  f o r  t h e  
Venus f l y b y .  S imul taneous  two s t a t i o n  coverage  would b e  r e q u i r e d  
f o r  t h i s  m i s s i o n  a l s o .  
ORBITER MISSION 
The s t a t e m e n t  of  work s p e c i f i e d  a m i s s i o n  mode t o  b e  con- 
s i d e r e d  w i t h  an  o r b i t e r  s p a c e c r a f t  u s i n g  a c a p s u l e  (BVSIentry 
v e h i c l e )  e n t r y - f r o m - o r b i t  mode, o r  a c a p s u l e  en t ry- f rom-approach  
mode b e f o r e  o r b i t a l  i n s e r t i o n  o f  t h e  s p a c e c r a f t ,  These two o p t i o n s  
were c o n s i d e r e d  i n  an  e a r l y  phase o f  t h e  s t u d y .  A t  t h i s  t i m e  t h e  
e n t r y - f r o m - o r b i t  mode was recommended and approved f o r  f u r t h e r  
d e f i n i t i o n  and documenta t ion ,  p r i m a r i l y  because  o f  t h e  e n t r y  en-  
vironment  encoun te red  w i t h  t h i s  m i s s i o n .  T h i s  p e r m i t t e d  c o n s i d e r -  
a t i o n  o f  a wide range  o f  e n t r y  environments  from approximate ly  
32 000 f p s  f o r  t h i s  m i s s i o n  t o  43 500 f o r  t h e  Venus/Mercury oppor-  
t u n i t y .  It was r ecogn ized  t h a t  many o t h e r  f a c e t s  o f  t h c  e n t r y -  
from-approach mode would u l t i m a t e l y  be c o n s i d e r e d  when t h e  f l y b y  
mode was s t u d i e d ,  The m i s s i o n  modes a r e  compared i n  t a b l e  2 .  The 
g u i d e l i n e s  under  which t h i s  m i s s i o n  i s  d e f i n e d  a r e  g i v e n  i n  t a b l e  
3 .  
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TABLE 2 . -  ORBITAL MISSION MODE COMPARISON 
Miss ion  parameter  
Launch p e r i o d  
A r r i v a l  d a t e s  
T r a j e c t o r y  type 
Max C 3 ,  (krn/sec)2 
Max v ~ ,  km/sec 
Boos tier 
Weight t o  p l a n e t ,  l b  
M i s s i o n  margin 
E c c e n t r i c i t y  
P e r i a p s i s  a l t i t u d e ,  km 
O r b i t a l  p e r i o d ,  h r  
S p a c e c r a f t  we igh t ,  l b  
E n t r y  v e l o c i t y ,  f p s  
Allowable c a p s u l e  
w e i g h t  a t  e n t r y ,  l b  
A e r o s h e l l ,  e tc .  
Allowable f o r  BVS 
Orbi ter-mode ( 1 9 7 3 )  
E n t r y  from o r b i t  E n t r y  from approach 
1111 
4 / 1 3  
I1 
8 . 3 6  
4 . 3 2  
T i  tan- I I I C  








8 4  0 
44 0 
400 
t h r u  
t h r u  
1 1 / 2 1  
4 / 1 9  
I1 
8 . 3 6  
4 . 3 2  
T i  t a n - I I I C  






36  500 
a 




bLimited by b a l l i s t i c  c o e f f i c i e n t  o f  0 . 4 0  w i t h  8 . 5  f t  diam, b l u n t  
Weight i n  o r b i t .  
cone a e r o s h e l l .  
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TABLE 3 .- ORBITAL MISSION GUIDELINES 
Miss ion  mode . . . . . . . . . . . . . . .  
Launch o p p o r t u n i t y  . . . . . . . . . . . .  
Launch v e h i c l e  . . . . . . . . . . . . . .  
S p a c e c r a f t  . . . . . . . . . . . . . . . .  
Buoyant s t a t i o n  . . . . . . . . . . . . .  
E x t e r n a l  e n t r y  shape  . . . . . . . . . . .  
Communications . . . . . . . . . . . . . .  
O r b i t  o f  Venus 
1973 
T i t a n  I I I C  o r  A t l a s I C e n t a u r  
Modif ied  l u n a r  o r b i t o r  a s  de- 
f i n e d  by NASA CR-66302 
Modif ied  minimum we igh t  BVS 
i n v e s t i g a t e d  under  C o n t r a c t  
Large  a n g l e  b l u n t  cone 
Re lay  v i a  S /C .  Assume a f u l l  
complement o f  Deep Space N e t  
S t a t i o n s  a r e  a v a i l a b l e  f o r  
s u p p o r t  o f  m i s s i o n .  
NAS 1-6607 
The major  d i f f e r e n c e s  between t h e  e n t r y - f r o m - o r b i t  mi s s ion  
and t h e  en t ry- f rom-approach  m i s s i o n  a r e  t h e  less severe e n t r y  en-  
v i ronment ,  t h e  more severe weight  r e s t r i c t i o n  on t h e  BVSIentry 
v e h i c l e ,  and a v a i l a b l e  t a r g e t i n g  and a s s o c i a t e d  a n t i c i p a t e d  wind 
d r i f t  p a t t e r n s  i n  t h e  f l o a t a t i o n  mode f o r  t h e  e n t r y - f r o m - o r b i t  
mode. A ma jo r  c o n s i d e r a t i o n  and r e s t r i c t i v e  r equ i r emen t  f o r  t h e  
o r b i t a l  m i s s i o n s  i s  t h e  s e l e c t i o n  o f  a n  o r b i t  w i t h  s u f f i c i e n t  
s t a b i l i t y  t o  m e e t  t h e  50-year  q u a r a n t i n e  r equ i r emen t  d i s c u s s e d  i n  
d e t a i l  i n  Volume 11. 
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Miss ion  D e s c r i p t i o n  
The b a s e l i n e  mis s ion  shown i n  f i g u r e  5 h a s  a t y p e  I1 t r a n s f e r  
t r a j e c t o r y  l a s t i n g  approximate ly  165 days w i t h  a l aunch  pe r iod  o f  
1 November t o  21 November 1973.  A t  Venus encoun te r ,  t h e  p l a n e t a r y  
v e h i c l e  i s  p laced  i n  a 25-hr  o r b i t  ( s e e  t a b l e  4 ) .  The v e h i c l e  
performs i t s  s c i e n t i f i c  mis s ion  d u r i n g  s e v e r a l  o r b i t s ,  a f t e r  which 
t i m e  on command from E a r t h ,  t h e  e n t r y  v e h i c l e  i s  s e p a r a t e d  and 
e n t e r s  on t h e  l i g h t  s i d e  of  t h e  p l a n e t .  
The e n t r y  s i t e  was s e l e c t e d  t o  be  compat ib le  w i t h  t h e  con- 
s t r a i n t s  o f  -30" e n t r y  a n g l e ,  30-minute  view t ime w i t h  o r b i t e r  
a f t e r  e n t r y  and 250 mps  d e o r b i t  i m p u l s e .  The s p a c e c r a f t  50-year  
o r b i t  l i f e t i m e  was an a d d i t i o n a l  c o n s t r a i n t  l i m i t i n g  t h i s  mi s s ion .  
F i g u r e  6 shows t h e  e n t r y  s i t e  c o n ' s t r a i n t s  and d e f i n e s  t h e  l o c a t i o n  
of  f i v e  r e p r e s e n t a t i v e  e n t r y  p o i n t s .  F i g u r e  7 shows t h e  e f f e c t  o f  
wind v e l o c i t i e s  where t h e  d r i f t  t ime o f  t h e  BVS t o  t h e  t e r m i n a t o r  
l i e s  between 61 and 350 h r .  Note t h a t  t h e  BVS d r i f t s  g e n e r a l l y  
p a r a l l e l  and o u t  of  t h e  o r b i t e r  p l a n e ,  which minimizes t h e  prob-  
lem o f  de t e rmin ing  t h e  p o s i t i o n  o f  t h e  BVS from t h e  S I C .  
The o v e r a l l  mi s s ion  weight  summary i s  g iven  i n  t a b l e  5 ,  which 
i n d i c a t e s  t h e  352-1b mis s ion  margin f o r  t h e  T i t a n  I I I C  l aunch  ve-  
h i c l e .  A d d i t i o n a l  d e t a i l  on t h i s  mi s s ion  i s  g iven  i n  Volume I1 
of  t h i s  r e p o r t .  
Mis s ion  Sequence 
The o v e r a l l  mi s s ion  sequence i s  shown i n  f i g u r e  8 and t h e  p e r -  
t i n e n t  p o i n t s  a r e  d i s c u s s e d  below. 
P re l aunch ,  l aunch ,  and c r u i s e . -  Before  l i f t o f f ,  power i s  ap-  
p l i e d  t o  t h e  BVS and subson ic  probe t e l e m e t r y  subsystems and t h e  
subsystems a r e  moni tored .  The c a p s u l e  sys tem i s  i n  a p a s s i v e  
s t a t e  excep t  f o r  p e r i o d i c  s t a t u s  mon i to r ing ,  cont inuous  b a t t e r y  
cha rg ing ,  and h e a t e r s  f o r  thermal  c o n t r o l ,  a l l  c o n t r o l l e d  by t h e  
s p a c e c r a f t ,  u n t i l  s i x  minutes  b e f o r e  s e p a r a t i o n  from t h e  space -  
c r a f t .  
O r b i t  i n s e r t i o n . -  The p l a n e t a r y  v e h i c l e  i s  o r i e n t e d  f o r  p rope r  
o r b i t  i n s e r t i o n ,  t h e  v e l o c i t y  increment  provided by t h e  s p a c e c r a f t  
p r o p u l s i o n  module, and t h e  o r b i t  a t t a i n e d  a r e  shown i n  f i g u r e  9 .  
The s p a c e c r a f t  t h e n  performs i t s  o r b i t a l  s c i e n t i f i c  mis s ion  from 
t h e  o r b i t ,  which s a t i s f i e s  t h e  50-year  q u a r a n t i n e  r equ i r emen t .  
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TABLE 4. -  l97:3 BVS MISSION SUMMARY 
O r b i t i n g  s p a c e c r a f t  (modif ied Lunar o r b i t e r )  
661 l b  u s e f u l  we igh t  i n  o r b i t  
E = 0 . 8  
P = 25 h r  
Hp = 2000 km 
Permits E a r t h  o c c u l t a t i o n  
Re lay  l i n k  f o r  BVS and subson ic  probe 
E n t r y  v e h i c l e  
VE = 32  000 f p s  
yE = -30" 
BE = 0 .33  s l u g s / f t 2  
10 h r  c o a s t  
D e o r b i t  impu l se  = 250 mps 
400 l b  BVS 
I n - t h e - c l o u d  mis s ion  (R = 6108 km) 
P = 612 mb (-9 p s i a )  
TA = 70°F 
A 
Deployed approx ima te ly  15' from s u b s o l a r  
58 l b  o f  s c i e n c e  (175 l b .  gondola) 
Min ib io  l a b o r a t o r y  
ATM measurements 
Radar a l t i m e t e r  
Re lay  l i n k  t o  S/C 
Hydrogen i n f l a t e d  s u p e r p r e s s u r e  b a l l o o n  
Four manifolded t a n k s  
Blowdown i n f l a t i o n  
Supported by p a r a c h u t e  d u r i n g  i n f l a t i o n  
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TABLE 5 . -  BVS ORBITAL MISSION WEIGHT STATEMENT 
Launch v e h i c l e ,  T i t a n  I I I C  ( A r t i c l e  1 9  performance) 
C3 = 8.36  (km/sec)2 Maximum ove r  20-day l aunch  pe r iod  
C a p a b i l i t y  3775 l b  
P l a n e t a r y  v e h i c l e  a t  c r u i s e  (3423) 
S p a c e c r a f t  2298 
Use fu l  weight  i n  o r b i t  661 
BVS/entry v e h i c l e  system 1125 
E n t r y  weight  82 7 
Miss ion  margin 352 
I BVS/entry v e h i c l e  system (1125) 
C a p s u l e / s p a c e c r a f t  a d a p t e r  
( i n c l u d i n g  b i o c a n i s t e r )  153 
P r o p u l s i o n  module 145 
BVS/entry v e h i c l e  a t  e n t r y  (82 7) 
BVS 40 3 
Subsonic  probe 85 
A e r o s h e l l  w i t h  equipment 339 
I A e r o s h e l l  2 61 
2 4  
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Capsule  i n i t i a t i o n . -  On command from E a r t h  t o  t h e  S I C ,  the 
a e r o s h e l l  equipment and BVS a r e  powered up a t  s e p a r a t i o n  minus 6 
minu tes .  The c a p s u l e  b i o c a n i s t e r  ( forward s e c t i o n )  i s  e j e c t e d  a t  
s e p a r a t i o n  minus 4 minutes .  
S p a c e c r a f t / c a p s u l e  s e p a r a t i o n . -  The s p a c e c r a f t  o r i e n t s  t h e  
c a p s u l e  f o r  e j e c t i o n .  The s e p a r a t i o n  i s  r e a l i z e d  by p y r o t e c h n i c  
o p e r a t i o n  powered from t h e  c a p s u l e .  
Capsule  s t a b i l i z a t i o n  and d e f l e c t i o n . -  The c a p s u l e  i s  spun up 
t o  2 .20  r a d / s e c  fol lowed by a 20-minute c o a s t .  
u p  a t  s e p a r a t i o n  p l u s  19.5 minu tes .  A v e l o c i t y  increment  of 250 
mps  maximum i s  t h e n  s u p p l i e d ,  fo l lowed by p r o p u l s i o n  module sepa -  
r a t i o n .  The BVS t r a n s m i t s  d a t a  t o  t h e  S / C  d u r i n g  t h i s  maneuver 
and s h u t s  down a t  s e p a r a t i o n  p l u s  25 minu tes .  
The BVS i s  powered 
Capsule  c o a s t . -  The c a p s u l e  i s  powered down f o r  t h e  c o a s t  
pe r iod  ( b e f o r e  e n t e r i n g  t h e  a tmosphere) .  F i v e  minutes  b e f o r e  en-  
t r y  t h e  BVS i s  powered up and t h e  c a p s u l e  p a r t i a l l y  despun t o  
0 . 5  r a d l s e c .  
Atmospheric  e n t r y . -  The BVS/entry v e h i c l e  e n t e r s  t h e  atmos- 
phe re  and s t o r e s  t h e  e n t r y  d a t a  f o r  25 s e c  ( d u r i n g  b l a c k o u t )  and 
p l a y s  these d a t a  o u t  a f t e r  b l a c k o u t .  The BVS deployment and sub- 
s o n i c  probe  e j e c t i o n  a r e  based on a p r e s e l e c t e d  time from 1 . 0  g .  
The e n t r y  and deployment envi ronments  a r e  i l l u s t r a t e d  i n  f i g u r e  
10 .  
BVS deployment / subsonic  probe  e j e c t i o n . -  Upon r e a c h i n g  Mach 
0 .50  (based  on a p r e s e l e c t e d  t i m e  from 1 . 0  g) t h e  a e r o s h e l l  a f t e r -  
body i s  p y r o t e c h n i c a l l y  s e p a r a t e d  u s i n g  a pa rachu te  deployed by 
a mor t a r .  T h i s  pa rachu te  dep loys  t h e  BVS main pa rachu te ,  which 
s t a g e s  t h e  BVS and subson ic  probe  from t h e  a e r o s h e l l .  The probe  
i s  powered up and r e l e a s e d  from t h e  BVS and descends  b a l l i s t i c a l l y  
t o  t h e  s u r f a c e .  
Upon s e n s i n g  t h e  proper  a tmospher ic  p r e s s u r e ,  t h e  b a l l o o n  i s  
ex tended  from i t s  c a n i s t e r  and i n f l a t i o n  i s  i n i t i a t e d .  The h i g h -  
p r e s s u r e  g a s  system blows down, i n f l a t i n g  t h e  b a l l o o n  w i t h i n  60 
s e c .  The pa rachu te  i s  r e l e a s e d  fo l lowed by t h e  r e l e a s e  o f  t h e  
expended tankage  and c o n t r o l s .  
Throughout t h i s  deployment per iod  t h e  BVS r e l a y s  d a t a  t o  t h e  
s p a c e c r a f t .  A l s o  d u r i n g  t h i s  pe r iod  and u n t i l  impact ,  t h e  sub-  
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( c )  Drag D e c e l e r a t i o n s  vs T ime  from E n t r y  
F i g u r e  10. - Concluded 
31  
BVS f l o t a t i o n . -  The BVS f l o t a t i o n  mis s ion  i s  w i t h i n  t h e  c l o u d s  
Upon command v i a  S I C  a d r o p  ( s e e  t a b l e  6) d r i f t i n g  w i t h  t h e  wind. 
sonde i s  r e l e a s e d  t o  descend t o  t h e  s u r f a c e ,  r e l a y i n g  d a t a  t o  t h e  
BVS u n t i l  impac t .  A second drop  sonde i s  r e l e a s e d  on a second 
command. Each pass  of  t h e  o r b i t e r  i s  sensed by t h e  BVS and t h e  
d a t a  a r e  r e l a y e d  t o  t h e  s p a c e c r a f t  f o r  a nominal pe r iod  o f  10 
minu tes .  A d e t a i l  sequence of  e v e n t s  f o r  t h e  mis s ion  i s  g i v e n  
i n  t a b l e  7 .  
Atmosphere; 





from p l a n e t  
c e n t e r ,  km 
D e n s i t y ,  P r e s s u r e ,  Tempera ture ,  
l b / f t 3  mb OF 
.0659 610.8 58.5 6107.5 
.0653 612.4 70.2 6108.0 
.0659 616.7 83 .5  6108.4 
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Function Time 
A .  P l ane ta ry  v e h i c l e  
1. Launch through in t e rp l ane ta ry  coas t  
a .  Ba t t e ry  charge 
b. Thermal con t ro l  
C .  S t a t u s  monitor 
2 .  Or i en t  f o r  midcourse co r rec t ion  
3 ,  Perform midcourse co r rec t ion  
4 .  Reor ien t  f o r  coas t  
5 .  Or i en t  f o r  o r b i t  i n s e r t i o n  
6 .  Perform o r b i t  i n s e r t i o n  
7 .  Perform SIC o r b i t a l  sc ience  mission 
8. Command update  for  capsule  sepa ra t ion  
9 .  Power up f o r  capsule  separa t ion  
o r i e n t a t i o n  
a .  SIC MTD capsule  communication 
b. Aeroshe l l  sequencer 
C .  Aeroshe l l  da t a  encoder 
d. Aeroshe l l  engineer measurements 
e .  BVS 
suppor t  
10.  S I C  r e c e i v e  and s t o r e  capsule da ta  
11. Separa te  forward b iocan i s t e r  
12 .  SIC r e o r i e n t  f o r  capsule  separa t ion  
13. Capsule sepa ra t ion  
From system To system 
aS-00 :04 :00  
s-00 :oo :oo 
B .  Spacecraf t  
1. Reor ien t  f o r  o r b i t a l  sc ience  mission 
2. Transmit s to red  and r ea l - t ime  da ta  t o  
3 .  Receive and s t o r e  capsule  da t a ,  t r ans -  
4 .  Shut down S I C  h T D  capsule  communica- 
5 .  Transmit s to red  probe d a t a  
Ear th  
m i t  SIC da ta  
t i o n  support  system 
C .  Capsule 
1. Transmit d a t a  t o  S I C  - r e a l  t i m e  
2. Separa te  forward b iocan i s t e r  (3  
(hardwire) 
i g n i t e r s  f o r  l i n e a r  shaped charge) 
a .  A r m  
b .  F i r e  
C .  Safe  
3 .  I n i t i a t e  d a t a  format A (BVS) 
4 .  Separa te  capsule  (4 i g n i t e r s )  
a .  A r m  
b. F i r e  
a .  F i r e  
b. Safe  
C .  Power down BVS 
6 .  Damp nu ta t ion  
7 .  Power up BVS 
5 .  Spin up capsule  (2 i g n i t e r s )  
7a. I n i t i a t e  propuls ive  maneuver ( b i -  
p rope l l an t  module) 
a .  A r m  
b. P re s su r i ze  p rope l l an t  ( 3  i g n i t e r s )  
C .  F i r e  ( 2  i g n i t e r s  and 2 solenoid 
d .  Safe 
a .  A r m  
b. F i r e  (2 i g n i t e r s  and 2 solenoid 
va lves)  
8. Shut down propuls ion  
va 1 ve s) 
9.  Separa te  propuls ion  module 
a .  F i r e  ( 2  i g n i t e r s )  




S-00 : 03 : 50 
s-00 :01 :oo 
S-00 :OO:  09  
s-00 :oo : 00 
S+00:00:01 
S W O  :00 :03 
S H O :  05 :00 
S+OO : 19 : 30 
S+00:19:49 
SWO: 19: 50 
st00 :20 :oo 
SWO : 20 : 0 1 
SW0:24:16 
SWO: 24: 1 7  
S+OO :24:30 




















BVS da ta  system 
sequencer (BVS DSS) 
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17 ,  
Power down capsule  
a .  TM o f f  
b .  Engine measurements o f f  
C .  Only AIS sequencer opera t ing  
Capsule c r u i s e  
Power up f o r  atmospheric en t ry  
a .  BVS telecommunications (da ta  
format B) 
b .  A/S sc ience  on 
P a r t i a l  desp in  ( 1  i g n i t e r )  
a .  A r m  
b. F i r e  
C.  Safe  
Atmospheric en t ry  (1.0 g increas ing)  
a. I n i t i a t e  s to rage  of da t a  format C 
Deploy af te rbody parachute ( 1  i g n i t e r )  
(M = 0.50) 
a .  A r m  
b. F i r e  
C .  Safe  
Release  afterbody' (3 i g n i t e r s )  
a .  A r m  
b .  F i r e  
C .  Safe  
Re lease  BVS and SS probe from A/S 
(3 i g n i t e r s )  
a .  A r m  
b .  F i r e  
(Capsule f i  








b(E-OO : 00 :OO) 
EM0:Ol: 1 4  
EtO0:01:15 
E+00:01: 16 
EM0 : 01 : 30 
E+00:01:31 
EWO: 0 1  : 3 2  
EMO: 01 :46 
EM0 : 01 :47 




A /S sequencer 
AIS sequencer 
AIS sequencer 
A I S  sequencer 




A I S  sequencer 
AIS sequencer 
AIS sequencer 




2 .  
3 .  
4 .  
5 .  





Separa t e  probe (SSP)(2 i g n i t e r s )  
a .  A r m  BVS ordnance 
b. Turn on SSP 
C .  F i r e  
d .  Safe  
Switch t o  BVS d a t a  format C 
a .  Format C i s  s to red  f o r  2 sec  when 
Switch t o  BVS d a t a  format D 
Sense ambient p re s su re  
E x t r a c t  ba l loon  (1 i g n i t e r )  
a .  A r m  
b .  F i r e  
I n f l a t e  ba l loon  ( 2  i g n i t e r s )  
a .  F i r e  (sock i n f l a t i o n )  
b. F i r e  (ba l loon  i n f l a t i o n )  
C .  Sa fe  
Release  parachute (1 i g n i t e r  on para-  
chu te  b r i d l e )  
a .  F i r e  
BVS zxperiences g r e a t e r  than 1 .0  g 
Terminate i n f l a t i o n  
a .  A r m  
b .  F i r e  
Re lease  i n f l a t i o n  system ( 3  i g n i t e r s )  
a .  A r m  
b. F i r e  
C .  Sa fe  
Sc ience  deployment ( 1  i g n i t e r )  
a .  A r m  
b. F i r e  
C .  Safe  
dSt+OO :00 : 14 
StNO :OO: 15 
SttOO :OO: 16 
s t+oo : 01 : 00 
SttO0 : 06 : 00 
St+OO : 15 :OO) 
(Approx 
ePPtOO :oo :01 
PP+oo:oo:o2 






PP+OO :oo : 59 
PPM0:00:60 










P res su re  














































TABLE 7 . -  BVS MISSION FUNCTIONS AND EVENTS - Concluded 
1. Science deployment (da ta  format 1) 
2 .  Probe impact (mission complete) 
Function 
(Probe da ta  
to S/C) 



















Sonde 1 impact (mission complete) 
G .  Sonde 2 
Sonde 2 impact (mission complete) 
Warm up sc ience  
S t o r e  frame of format E 
S t o r e  frame of format F 
Transmit s to red  da ta  
Turn o f f  da t a  system 
Sample format E ( r epea t  each hour) 
Sample format F ( r epea t  each 6 hours) 
S/C beacon rece ived  
(Sonde da ta  
t o  BVS) 
(Sonde da ta  
t o  BVS) 
a .  I f  i n  da t a  c o l l e c t i o n  cyc le ,  com- 
p l e t e  cyc le  
b .  I f  no t  i n  da ta  c o l l e c t i o n  cyc le ,  
l ock  o u t  cyc le  
C .  Data handling subsystem on, t r a n s -  
m i t t e r  on, s c i ence  on, doppler 
d a t a  u n i t  on 
Format E t ransmi t ted  i n  r e a l  t ime 
Format E stopped, t ransmi t  s to red  dat;  
T ransmi t t e r  o f f ,  sc ience  o f f ,  switch 
t o  d a t a  format D 
Doppler d a t a  un i t  o f f  
I n i t i a t e  sonde r e l e a s e  sequence (com- 
mand) 
a .  Sonde warm up, TM "ON" 
b. BVS KCD sonde da ta  u n i t  on 
C .  A r m  (ordnance f o r  re lease)  
d .  F i r e  
e. Safe  
Receive and s t o r e  sonde da ta  
Shut down BVS MD sonde r ece ive r  
Repeat s t e p s  16 through 23 
Low power mode (command) (da t a  format 
E) 
Return  t o  normal Dower mode (command) 




PPNO : 03 : 00 
PP+O0:03:10 
PPWO : 03 :30 




h r )  
R-00:00:00 
R+00:03 : 10 
R+00:03:40 
RWO: 10 :00 
R+O 1 : 30 : 00 
gSR-OO :00 : 11 
SR-00:00:10 
SR-00 :00 :09 
SR-00 : 00 : 01 
SR-00 : 00 : 00 


























Spacecraf t  

























T e 1 eco mm 
T e 1 ecomm 
BVS rece ive r  




Genera l  C o n f i g u r a t i o n  
The p l a n e t a r y  v e h i c l e  shown i n  f i g u r e  11 i n  t h e  c r u i s e  c o n f i g -  
u r a t i o n  c o n s i s t s  of t h e  s p a c e c r a f t  and e n t r y  c a p s u l e  sys t em.  The 
s p a c e c r a f t  ( o r b i t e r )  i s  based on a modif ied Lunar o r b i t e r  ( r e f .  1) 
and h a s  661 l b  of u s e f u l  we igh t  i n  o r b i t  i n c l u d i n g  109 l b  of o r -  
b i t e r  s c i e n c e .  A l a r g e r  t h r u s t  c a p a b i l i t y  h a s  been added (wi th  a n  
i n i t i a l  t h r u s t - t o - w e i g h t  r a t i o  of 0 . 6 5 )  t o  i n s e r t  t h e  p l a n e t a r y  
v e h i c l e  i n t o  o r b i t ,  t h u s  e f f e c t i v e l y  e l i m i n a t i n g  g r a v i t a t i o n a l  
l o s s e s .  
The BVS/entry v e h i c l e  a l o n g  w i t h  t h e  a d a p t e r ,  b i o c a n i s t e r ,  and 
p r o p u l s i o n  module make u p  t h e  e n t r y  c a p s u l e  sys t em.  
FLYBY MISSION 
The s t a t e m e n t  of work s p e c i f i e d  c o n s i d e r a t i o n  of a mission modes 
w i t h  a f l y b y  s p a c e c r a f t  u s i n g  a d i r e c t  e n t r y  c a p s u l e  w i t h  d i r e c t  
l i n k  and r e l a y  l i n k  v i a  SIC communication modes between t h e  buoyant 
s t a t i o n  and E a r t h .  These two o p t i o n s  were compared e a r l y  i n  t h e  
s t u d y  and two r e l a y  mode concep t s  were c o n s i d e r e d .  I n  t h e  f i r s t  
concep t  t h e  BVS/entry v e h i c l e  e n t e r s  a t  t h e  SIC a n t i - s u b p e r i a p s i s  
p o i n t  on Venus and a l l o w s  a r e l a y  l i n k  t o  be e s t a b l i s h e d  w i t h  t h e  
SIC b o t h  b e f o r e  and a f t e r  SIC p l a n e t  e n c o u n t e r ,  
c e p t  has t h e  BVSIentry v e h i c l e  e n t e r i n g  on t h e  f a r  s i d e  of t h e  
p l a n e t  s o  t h a t  BVS deployment o c c u r s  a f t e r  t h e  SIC has  pas sed  
th rough  p e r i a p s i s  and emerges from behind t h e  p l a n e t .  The BVS 
t h e n  communicates w i t h  t h e  SIC as t h e  S I C  t r a v e l s  away from t h e  
p l a n e t  on a c o u r s e  approx ima te ly  p a r a l l e l  t o  t h e  BVS v e r t i c a l  a x i s .  
Based on t h e  f a c t o r s  summarized i n  t a b l e  8, t h e  d i r e c t  l i n k  mode 
was recommended and approved f o r  f u r t h e r  d e f i n i t i o n  and documen- 
t a t i o n ,  Th i s  d e c i s i o n  was based p r i m a r i l y  on t h e  f a c t  t h a t  t h e  
d i r e c t  l i n k  a l lows  f o r  a BVS miss ion  d u r a t i o n  of s e v e r a l  days ,  
w h i l e  t h e  r e l a y  l i n k s  v i a  SIC l i m i t  t h e  BVS m i s s i o n  d a t a  r e t u r n  
t o  t h e  o r d e r  of 15 t o  20 h r .  C e r t a i n l y  a n  a t t r a c t i v e  f e a t u r e  of 
t h e  BVS i s  i t s  p o t e n t i a l  l o n g - d u r a t i o n  m i s s i o n ,  however, t h e  r e l a y  
l i n k  mode, v i a  S I C ,  i s  f e a s i b l e .  
The second con- 
The g u i d e l i n e s  under which t h i s  m i s s i o n  i s  d e f i n e d  a r e  g iven  
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Launch o p p o r t u n i t y  
Launch v e h i c l e  
S p a c e c r a f t  
Buoyant s t a t i o n  
E x t e r n a l  e n t r y  shape 
Communications 
The f l y b y  m i s s i o n  does no t  p r e s e n t  as s e v e r e  a we igh t  r e s t r i c -  
t i o n  on the BVS/entry v e h i c l e  o r  s p a c e c r a f t  as t h e  o r b i t a l  m i s s i o n .  
F lyby  of  Venus 
1972 
T i t a n  I I I C  o r  A t l a s I C e n t a u r  
Mariner  1969 as d e f i n e d  i n  Mariner  Mars 
1969 F u n c t i o n a l  Requirements 
Modif ied minimum. we igh t  BVS i n v e s t i g a t e d  
under c o n t r a c t  NAS1-6607 
Large  a n g l e  b l u n t  cone 
Relay v i a  S I C  v s  d i r e c t  t o  E a r t h .  
Assume a f u l l  complement of Deep Space 
Net S t a t i o n s  are  a v a i l a b l e  f o r  s u p p o r t  
of m i s s i o n ,  
Miss ion  D e s c r i p t i o n  
The b a s e l i n e  m i s s i o n  shown i n  f i g u r e  1 2  has a Type 1 t r a n s f e r  
t r a j e c t o r y  l a s t i n g  approx ima te ly  123 days w i t h  a l aunch  p e r i o d  of 
1 A p r i l  t o  2 1  A p r i l  1972. Approximately 53 h r  b e f o r e  p l a n e t  en-  
c o u n t e r  t he  BVS/entry v e h i c l e  i s  s e p a r a t e d  and d e f l e c t e d  f o r  e n t r y  
a t  Venus. The SIC c o n t i n u e s  on a f l y b y  of t h e  p l a n e t  and r e l a y s  
t h e  e n t r y  and deployment d a t a  of t h e  BVS and s u b s o n i c  probe t o  
e a r t h  a f t e r  the  S/C performs i t s  s c i e n t i f i c  m i s s i o n  a t  Venus en-  
c o u n t e r  ( s e e  t a b l e  1 0 ) .  










TABLE 1 0 .  - 1972 BVS MISSION SUMMARY 
F lyby  s p a c e c r a f t  (modif ied Mar iner  1969) 
882 l b  a t  f l y b y  
Hp = 2000 km 
Relay l i n k  f o r  BVS and subson ic  probe ( e n t r y  and deployment 
on ly )  
E n t r y  v e h i c l e  
VE = 37 400 f p s  
BE = 0 .33  s l u g s / f t 2  
52 .8 -h r  c o a s t  
D e f l e c t i o n  impulse = 50 mps 
Radius  a t  E j e c t i o n  = 1 000 000 km 
yE = -30" 
400- lb  BVS 
I n - t h e - c l o u d  m i s s i o n  (R = 6108 km) 
PA = 6 1 2  mb (- 9 p s i a )  
TA = 70°F 
Deployed approximate ly  55" from s u b e a r t h  
58  l b  of s c i e n c e  (175- lb  gondola)  
Min ib io  l a b o r a t o r y  
ATM measurements 
Radar a l t i m e t e r  
D i r e c t  l i n k  t o  e a r t h  (30 bps) 
Hydrogen i n f l a t e d  s u p e r p r e s s u r e  b a l l o o n  
4 manifo lded  t a n k s  
Blowdown i n f l a t i o n  
Supported by pa rachu te  d u r i n g  i n f l a t i o n  
41 
The e n t r y  s i t e  was s e l e c t e d  t o  be compa t ib l e  w i t h  t h e  con-  
s t r a i n t s  of -30" e n t r y  a n g l e ,  no t  more t h a n  60"  from s u b e a r t h  f o r  
communications,  and a t  l e a s t  20" from t h e  t e r m i n a t o r  t o  a l l o w  a n  
adequa te  m i s s i o n  b e f o r e  c r o s s i n g  t h e  t e r m i n a t o r  w i t h  t h e  b a l l o o n .  
Wind p a t t e r n s  were t h e  main f a c t o r  i n  s e l e c t i n g  a p o i n t  w i t h i n  t h e  
area d e f i n e d  by t h e  above parameters. The h i g h e r  wind v e l o c i t i e s  
w i l l  r e s u l t  i n  a 17-hr  d r i f t  t o  t h e  t e r m i n a t o r ,  w h i l e  lower v e l o c -  
i t y  w i l l  produce a t i m e  t o  t h e  t e r m i n a t o r  of many hundreds of h o u r s .  
The e n t r y  s i t e  i s  as n e a r  s u b e a r t h  as p o s s i b l e  because l o s s  of  com- 
mun ica t ions  w i l l  end t h e  m i s s i o n  a b r u p t l y ,  w h i l e  t h e  h i g h e r  wind 
v e l o c i t i e s  w i l l  c ause  t h e  BVS t o  c r o s s  t h e  t e r m i n a t o r  i ndependen t  
of e n t r y  s i t e  w i t h i n  t h e  t a r g e t  a r e a .  F i g u r e  1 3  shows t h e  e n t r y  
and d e f i n e s  t h e  l o c a t i o n  of t h r e e  r e p r e s e n t a t i v e  p o i n t s .  F i g u r e  
14 shows t h e  e f f e c t  of wind v e l o c i t i e s  w i t h i n  t h e  model f o r  t h e  
s e l e c t e d  e n t r y  l o c a t i o n .  
The o v e r a l l  mi s s ion  we igh t  summary i s  g i v e n  i n  t a b l e  11, which 
i n d i c a t e s  t h e  300- lb  margin f o r  t h e  T i t a n  I I I C  launch v e h i c l e .  
A d d i t i o n a l  d e t a i l  on t h i s  m i s s i o n  is  g iven  i n  Volume I1 of t h i s  
r e p o r t .  
Mis s ion  Sequence 
The o v e r a l l  f l y b y  m i s s i o n  sequence i s  shown i n  f i g u r e  15 and 
t h e  p e r t i n e n t  p o i n t s  a r e  d i s c u s s e d  below. 
P r e l a u n c h ,  l aunch ,  and c r u i s e . -  A s  i n  t h e  o r b i t a l  m i s s i o n ,  t h e  
power i s  a p p l i e d  t o  t h e  BVS and s u b s o n i c  pro6e t e l e m e t r y  subsystems 
and t h e  subsystems are  monitored b e f o r e  l i f t o f f .  The c a p s u l e  s y s -  
t e m  i s  i n  a p a s s i v e  s t a t e  e x c e p t  f o r  s t a t u s  m o n i t o r i n g ,  b a t t e r y  
c h a r g i n g ,  and e l e c t r i c a l  h e a t e r s  f o r  t he rma l  c o n t r o l  u n t i l  5 min- 
u t e s  b e f o r e  s e p a r a t i o n  from t h e  s p a c e c r a f t .  
C a p s u l e  i n i t i a t i o n ,  s e p a r a t i o n ,  and s t a b i l i z a t i o n . -  Approxi-  
m a t e l y  5 2  h r  and 53  minu tes  b e f o r e  p l a n e t  encoun te r  t h e  command i s  
s e n t  from E a r t h  t o  t h e  s p a c e c r a f t  and t h e  c a p s u l e  i n i t i a t i o n  phase 
b e g i n s .  This  phase th rough  t h e  c a p s u l e  s t a b i l i z a t i o n  phase i s  
i d e n t i c a l  t o  t h a t  of t h e  o r b i t a l  m i s s i o n .  
C a p s u l e  d e f l e c t i o n ,  c o a s t ,  and e n t r y . -  The c a p s u l e  i s  g i v e n  a 
v e l o c i t y  increment  of 50 mps f o r  t h i s  m i s s i o n .  The o t h e r  a s s o c i -  
a t e d  e v e n t s  a re  i d e n t i c a l  t o  t h a t  of t h e  o r b i t a l  mi s s ion  up t o  t h e  
t i m e  of a tmosphe r i c  e n t r y .  The e n t r y  environments f o r  t h i s  d i r e c t  
e n t r y  a t  37 4000 f p s  a r e  shown i n  f i g u r e s  1 6 ,  17,  and 18. The BVS 
deployment sequence and s u b s o n i c  probe e j e c t i o n  are  i d e n t i c a l  t o  
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F i g u r e  1 6 . -  BVS Reference E n t r y  T r a j e c t o r y ,  1 9 7 2  Flyby Mission, 
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Time from c h u t e  deployment,  sec 
F i g u r e  1 7 .  - BVS Reference  T r a j e c t o r y ,  1 9 7 2  F lyby  Miss ion ,  A l t i t u d e  
vs Time from Deployment 
48 
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Time from e n t r y ,  sec 
F i g u r e  18.- BVS Refe rence  E n t r y  T r a j e c t o r y ,  1 9 7 2  F lyby  Miss ion ,  
Drag D e c e l e r a t i o n  vs Time  from E n t r y  
4 9  
TABLE 11.- BVS FLYBY MISSION WEIGHT STATEMENT 
Launch v e h i c l e  ( T i t a n  I I I C  C a p a b i l i t y )  2425 
P l a n e t a r y  v e h i c l e  a t  c r u i s e  (2125) 
S p a c e c r a f t  9 51 
S I C  a t  p l a n e t  882 
BVS/entry v e h i c l e  system 1174 
E n t r y  we igh t  963 
Mission margin 300 
BVS/entry v e h i c l e  system 
C a p s u l e / s p a c e c r a f t  a d a p t e r  
( i n c l u d i n g  b i o c a n i s t e r )  
P r o p u l s i o n  module 
( i n c l u d i n g  s p i n  d e s i g n )  
BVS/entry v e h i c l e  a t  e n t r y  
BVS 
Subsonic  probe 
A e r o s h e l l  w i t h  equipment 
A e r o s h e l l  
(1174) 
153 






BVS f l o t a t i o n . -  The BVS f l o a t s  i n  t h e  environment shown i n  
t a b l e  6 ,  b u t  f o r  t h i s  m i s s i o n  i t  t r a n s m i t s  i t s  d a t a  d i r e c t l y  t o  
e a r t h  f o l l o w i n g  each 8 -h r  d a t a  sample p e r i o d .  On command from 
E a r t h  one of t h e  two drop sondes i s  r e l e a s e d  and descends t o  t h e  
s u r f a c e  r e l a y i n g  i t s  d a t a  t o  t h e  BVS. 
A d e t a i l  sequence of e v e n t s  i s  g iven  i n  t a b l e  1 2 .  
General  c o n f i g u r a t i o n . -  The p l a n e t a r y  v e h i c l e  shown i n  f i g u r e  
19 i n  t h e  c r u i s e  c o n f i g u r a t i o n ,  c o n s i s t s  o f  t h e  s p a c e c r a f t  and a n  
e n t r y  c a p s u l e  system. The f l y b y  s p a c e c r a f t  i s  based on a mod i f i ed  
Mariner  '69. 
50 
c Y O  






The s t a t e m e n t  of work s p e c i f i e d  a mis s ion  t o  be c o n s i d e r e d  
w i t h  a s p a c e c r a f t  swingby of Venus i n  which a BVS/entry v e h i c l e  
i s  s e p a r a t e d  f o r  Venus e n t r y  b e f o r e  the  SIC f l y b y  of Mercury. 
Three o p t i o n s  t o  the mis s ion  were t o  be i n v e s t i g a t e d :  (1) b a l -  
l i s t i c  mi s s ion  of the  s p a c e c r a f t  w i t h  the BVS/entry v e h i c l e  
e n t e r i n g  t h e  Venus atmosphere w i t h o u t  r e t a r d a t i o n  ( e n t r y  v e l o c -  
i t y  of 43 550 f p s ) ;  ( 2 )  b a l l i s t i c  mi s s ion  of the SIC w i t h  r e t a r d a -  
t i o n  of t h e  BVS/entry v e h i c l e  j u s t  b e f o r e  a tmospher ic  e n t r y  
( e n t r y  v e l o c i t y  reduced t o  38 000 f p s ) ;  and ( 3 )  SIC impulse i n  
the v i c i n i t y  of Venus, a l l o w i n g  f o r  lower energy  on  approach  t o  
Venus ( e n t r y  v e l o c i t y  of 40 700 f p s ) .  These t h r e e  o p t i o n s  a r e  
summarized i n  t a b l e  1 3 .  The a l l - b a l l i s t i c  m i s s i o n ,  o p t i o n  (1) 
above, was s e l e c t e d  f o r  f u r t h e r  d e f i n i t i o n  and documenta t ion .  
Th i s  d e c i s i o n  was based p r i m a r i l y  on the  d e s i r e  t o  s t u d y  t h e  s i g -  
n i f i c a n c e  of t h e  extreme e n t r y  v e l o c i t y  on the BVS/entry v e h i c l e .  
The r e t a r d a t i o n  of t h e  c a p s u l e  b e f o r e  e n t r y  i s  f e a s i b l e  and 
p r e s e n t s  a n  e n t r y  environment  i d e n t i c a l  t o  t h a t  s t u d i e d  f o r  t h e  
1972 f l y b y  mis s ion .  The SIC impulse mode a l lows  f o r  t h e  i n t e r -  
media te  e n t r y  envi ronment ,  b u t  a t  t h e  expense of a l a r g e  p r o p u l -  
s i o n  module a t t a c h e d  t o  the S I C  and the r equ i r emen t  o f  a s s i s t i n g  
the  upper  s t a g e  of t h e  T i t a n  I I I C  b o o s t e r  t o  a t t a i n  i n j e c t i o n  i n t o  
the  h e l i o c e n t r i c  o r b i t .  The g u i d e l i n e s  under  which the b a s e l i n e  
mis s ion  i s  d e f i n e d  a r e  g iven  i n  t a b l e  14.  
The major  p o i n t s  of d i f f e r e n c e  between t h e  t h r e e  mis s ion  modes 
a r e  a tmosphe r i c  e n t r y  v e l o c i t y  of the  BVS/entry v e h i c l e ,  r e q u i r e -  
ment f o r  a p r o p u l s i o n  module t o  r e t a r d  t h e  capsu le  t o  produce t h e  
lower en ' t ry  v e l o c i t y ,  and r equ i r emen t  f o r  a SIC p r o p u l s i o n  module 
t o  produce the  impulse a t  Venus which a l s o  r e s u l t s  i n  a lower BVS/ 
e n t r y  v e h i c l e  e n t r y  v e l o c i t y .  
Miss ion  D e s c r i p t i o n  
The b a s e l i n e  mis s ion  shown i n  f i g u r e  20 has  a Type I t r a n s f e r  
t r a j e c t o r y  on  a swingby of Venus t o  a f l y b y  of Mercury w i t h  a 
l aunch  p e r i o d  of 2 5  October  t h r u  7 November 1973 .  Approximately 
68 h r  b e f o r e  Venus encoun te r  t h e  BVS/entry v e h i c l e  i s  s e p a r a t e d  
and d e f l e c t e d  f o r  e n t r y  a t  Venus. The SIC c o n t i n u e s  on a swing-  
by of Venus. 
s o n i c  probe d a t a ;  a l l  of t h e s e  d a t a  a r e  t r a n s m i t t e d  d i r e c t l y  t o  
E a r t h .  The mis s ion  i s  summarized i n  t a b l e  15. 
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TABLE 1 4 . -  VENUS/MERCURY MISSION GUIDELINES 
Miss ion  mode , . . . , . . . . Flyby o f  Mercury w i t h  swingby o f  
Launch o p p o r t u n i t y  . . . . . . 1973 
Launch v e h i c l e  . . . . . . . . T i t a n  I I I C  
S p a c e c r a f t  . . . . . . , . . . Modif ied Mariner a s  d e f i n e d  by 
Buoyant s t a t i o n  . . . . . . . Modified minimum we igh t  BVS i n -  
Venus 
JPL Document 760-1 
v e s t i g a t e d  under C o n t r a c t  NAS1- 
6607 
E x t e r n a l  e n t r y  shape . . . . . Large ang le  b l u n t  cone 
Communications . . . . . . . . Relay v i a  S/C o r  d i r e c t  t o  E a r t h .  
Assume a f u l l  complement o f  
Deep Space Net S t a t i o n s  a r e  
a v a i l a b l e  f o r  s u p p o r t  o f  mi s s ion  
TABLE 1 5 . -  1973 VENUS/MERCURY MISSION SUMMARY 
Flyby s p a c e c r a f t  (modif ied Mar ine r )  
1049 l b  a t  Venus f l y b y  
H = 5505 km 
P 
En t ry  v e h i c l e  
VE = 43 550 f p s  
Ye 
BE = 0.58 s l u g s / f t 2  
68-hr c o a s t  pe r iod  
D e f l e c t i o n  impulse  of  93 mps 
Radius a t  e j e c t i o n  = 2 000 000 km 
= -35" 
400-lb BVS 
In - the -c loud  mis s ion  (R = 6108 km) 
PA = 612 mb (-9 psia)  
TA = 70°F 
~~~~~ 
Deployed approximate ly  41" from s u b e a r t h  
58 l b  of  s c i e n c e  (175-lb gondola)  
Minib io  l a b o r a t o r y  
Atmospheric measurements 
Radar a l t i m e t e r  
D i r e c t  l i n k  t o  E a r t h  (120 b p s )  
Hydrogen i n f l a t e d  s u p e r p r e s s u r e  b a l l o o n  
4 manifolded t anks  
Blowdown i n f l a t i o n  
Supported by pa rachu te  d u r i n g  i n f l a t i o n  
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The e n t r y  s i t e  was s e l e c t e d  t o  be compat ib le  w i t h  t h e  con-  
s t r a i n t s  of a -35" e n t r y  a n g l e ,  n o t  more t h a n  60" from s u b e a r t h  
f o r  communications, and a t  l e a s t  20" from t h e  t e r m i n a t o r  t o  a l l o w  
an adequate  mis s ion  b e f o r e  c o r s s i n g  the t e r m i n a t o r  w i t h  the  b a l -  
l oon .  Wind p a t t e r n s  were the  main f a c t o r  i n  s e l e c t i n g  a p o i n t  
w i t h i n  t h e  a r e a  d e f i n e d  by t h e  above pa rame te r s .  With wind v e -  
l o c i t i e s  from 4 t o  40 mps, t h e  BVS d r i f t  remains w i t h i n  t h e  60" 
from s u b e a r t h  c o n s t r a i n t  f o r  s e v e r a l  hour s  o r  p o s s i b l e  d a y s .  
F i g u r e  2 1  shows the  e n t r y  p o i n t  s e l e c t e d  (41" from s u b e a r t h )  on  
the  d a r k  s i d e  of t h e  p l a n e t .  F i g u r e  22 shows the  e f f e c t  of wind 
v e l o c . i t i e s  w i t h i n  the model f o r  t h e  s e l e c t e d  e n t r y  l o c a t i o n .  
The a e r o s h e l l  f o r  t h i s  mi s s ion  has  been reduced  i n  s i z e  from 
the 8 . 5  f t  d iameter  t o  a 7 . 0  f t  d i a m e t e r .  Th i s  i s  n e c e s s i t a t e d  
by the  h e a t  s h i e l d  we igh t  a l l o c a t i o n  r e q u i r e d  f o r  t h e  h i g h  e n t r y  
v e l o c i t y  of 43 550 f p s .  While t h e  f l y b y  and o r b i t a l  mi s s ions  
could  use a l i g h t w e i g h t  e l a s t o m e r i c  h e a t  s h i e l d  material ,  t h i s  
miss ion  appea r s  t o  r e q u i r e  u s e  of a carbon pheno l i c - type  mate-  
r i a l  w i t h  i t s  a t t e n d a n t  h i g h  d e n s i t y  and w e i g h t .  
An a c t i v e  t h r e e  - a x i s  a t t i t u d e  c o n t r o l  system is  used f o r  t h i s  
mi s s ion  i n  p l a c e  of t h e  s i m p l e ,  s p i n - s t a b i l i z e d  sys tem used f o r  
the o r b i t a l  and f l y b y  m i s s i o n s .  The a c t i v e  system i s  r e q u i r e d  
t o  r e o r i e n t  the  c a p s u l e  f o l l o w i n g  the d e f l e c t i o n  maneuver. A f t e r  
t h i s  r e o r i e n t a t i o n  t h e  c a p s u l e  i s  spun-up f o r  t h e  68-hr c o a s t  
p e r i o d  and a tmosphe r i c  e n t r y  i s  accomplished i n  t h e  s p i n  mode. 
The o v e r a l l  mi s s ion  we igh t  summary i s  g i v e n  i n . T a b l e  16 ,  which 
i n d i c a t e s  the 135- lb  margin f o r  t h e  T i t a n  I I I C  l aunch  v e h i c l e .  
A d d i t i o n a l  d e t a i l  on t h i s  mi s s ion  i s  g iven  i n  Volume I1 of  t h i s  
r e p o r t .  
Miss i o n  Sequence 
The o v e r a l l  mi s s ion  sequence i s  shown i n  f i g u r e  23 and t h e  
p e r t i n e n t  p o i n t s  a r e  d i s c u s s e d  below. 
P r e l a u n c h ,  l aunch ,  and c r u i s e . -  A s  i n  t h e  o r b i t a l  mi s s ion ,  
power is  a p p l i e d  t o  t h e  BVS and subson ic  probe t e l e m e t r y  f o r  s u b -  
sys tem v e r i f i c a t i o n .  The c a p s u l e  system i s  i n  a p a s s i v e  s t a t e  
d u r i n g  c r u i s e  e x c e p t  f o r  p e r i o d i c  s t a t u s  mon i to r ing ,  b a t t e r y  
c h a r g i n g ,  and thermal  c o n t r o l  u n t i l  5 minutes  b e f o r e  s e p a r a t i o n  




F i g u r e  2 1 . -  BVS/Entry Veh ic l e  E n t r y  as Seen from Earth 
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A n t i s o l a r  \ 
BVS d r i f t  -, p o i n t  \ 
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s u b e a r t h  
/ v p o i n t  / 
Figure  22.- BVS D r i f t  Cor r ido r  f o r  Range of Wind V e l o c i t i e s ,  
Dark S ide  Miss ion  
59 
TABLE 1 6 . -  BVS WITH VENUS/MERCURY FLYBY MISSION 
WEIGHT STATEMENT 
Launch v e h i c l e  ( T i t a n  I I I C )  c a p a b i l i t y  2 500 
P l a n e t a r y  v e h i c l e  a t  c r u i s e  (2365) 
S p a c e c r a f t  1115 
BVS/entry v e h i c l e  s y s  tem 1250 
Ent ry  we igh t  999 
M i s  s i o n  margin 13 5 
BVS/entry v e h i c l e  system 
C a p s u l e / s p a c e c r a f t  a d a p t e r  
( i n c l u d i n g  b i o c a n i s  t e r )  
P r o p u l s i o n  module 
( i n c l u d i n g  ACS) 
BVS/EV a t  e n t r y  
(B = 0.58 s l u g s / f t 2 )  
BVS 
Subsonic  probe 
A e r o s h e l l  ( 7 - f t  diam) 
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Capsule  i n i t i a t i o n .  - Approximately 68-hr b e f o r e  p l a n e t  e n -  
c o u n t e r  t h e  command i s  s e n t  from e a r t h  t o  the  S/C and t h e  c a p s u l e  
i n i t i a t i o n  phase b e g i n s .  Th i s  phase i s  i d e n t i c a l  th rough c a p s u l e  
s e p a r a t i o n  t o  t h a t  of t h e  o r b i t a l  mi s s ion .  
Capsule  s t a b i l i z a t i o n  and d e f l e c t i o n .  - The c a p s u l e  i s  con- 
t r o l l e d  by a t h r e e - a x i s  c o n t r o l  sys t em throughout  t h e  d e f l e c t i o n  
impulse .  The capsu le  i s  then  o r i e n t e d  f o r  p rope r  a t t i t u d e  ( a t  
a tmosphe r i c  e n t r y )  and spun up a s  f o r  the  o r b i t a l  mi s s ion  f o r  
the remainder  o f  t h e  c o a s t  p e r i o d .  The t e l e m e t r y  d a t a  s t o r e d  d u r -  
i n g  t h e  s e p a r a t i o n ,  d e f l e c t i o n ,  o r i e n t a t i o n ,  and s p i n - u p  i s  t r a n s -  
m i t t e d  t o  e a r t h .  
Capsule  c o a s t  and e n t r y . -  The capsu le  i s  powered down d u r i n g  
the c o a s t  p e r i o d .  The sequence of e v e n t s  j u s t  b e f o r e  e n t r y  are 
i d e n t i c a l  t o  t h a t  of the  o r b i t a l  mi s s ion .  The e n t r y  envi ronments  
f o r  t h i s  d a r k s i d e  mis s ion  e n t r y  v e l o c i t y  of 43 550 f p s  a r e  shown 
i n  f i g u r e s  24,  25, and 26. The BVS deployment sequence and s u b -  
s o n i c  probe e j e c t i o n  a r e  i d e n t i c a l  t o  t h a t  of t h e  o r b i t a l  m i s s i o n .  
However, f o r  t h i s  mi s s ion  the BVS and subson ic  probe each  t r a n s m i t  
t h e i r  d a t a  d i r e c t l y  t o  E a r t h .  
BVS f l o t a t i o n . -  This  phase of t h e  mis s ion  i s  i d e n t i c a l  t o  
t h a t  of  t h e  f l y b y  mis s ion .  A d e t a i l  sequence of e v e n t s  i s  g i v e n  
i n  t a b l e  1 7 .  
Genera l  C o n f i g u r a t i o n .  - The p l a n e t a r y  v e h i c l e  shown i n  f i g u r e  
1 9  i n  the  c r u i s e  c o n f i g u r a t i o n ,  c o n s i s t s  o f  a modi f ied  Mariner  
and t h e  7 -f t -diam BVS/entry v e h i c l e .  
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Note: 1. BE = 0.58 slug/ft2. 
Figure 26. - BVS Reference Entry Trajectory, 1973 VenuslMercury 
Flyby Mission 
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TABLE 1 7 . -  1973 VENUSfELERCLRY MISSION SEQUENCE OF EVENTS 
Even I 
, . . , p l a n e t a r y  v e h i c l e  l aunch  and c r u i s e  
, , , , Command update  f o r  capsu le  sepaza t ion  
, . . . o r i e n t a t i o n  complete  
1. 
2 .  Turn o n  capsu le  eng inee r ing  S I S ,  i n i t i a t e  BVS-DSS 
3 .  I n i t i a t e  d a t a  Mode A ( e to red  d a t a )  
4 .  
5. F i r e  forward b i o e a n l s t e r  s e p a r a t i o n  pyro 
6.  Safe  forward b i o c a n i s t e r  s e p a r a t i o n  pyro 
7 .  A r m  capsule s e p a r a t i o n  and ACS pryo 
8 .  F i r e  capsu le  s e p a r a t i o n  pyro 
9.  F i r e  capsu le  ACS pyro 
h i t i a t e  capsule system h turn on a e r o s h e l l  sequencer 
A r m  forward b i o e a n i s t e r  s e p a r a t i o n  pyro 
. . . . o r i e n t  SIC f o r  oapau1e Sepa ra t ion  
LO. Safe capsu le  s e p a r a t i n g  and ACS pyro 
. . . . O r i e n t  SIC f o r  Venus f lyby  t o  Mercury 
11. 
12. 
13. F i r e  d e f l e c t i o n  p ropu l s ion  s t a r t  pyro 
14. Safe  d e f l e c t i o n  p ropv l s ion  p r e r S u r i z a t i o n  and S t a r t  pyro 
15. 
16. F i r e  d e f l e c t i o n  p ropu l s ion  shutdown pyro 
17. 
18. 
1 9 .  O r i e n t  capsu le  f a r  sp inup  
20. Command capsu le  ACS t o  sp inup  capsu le  
2 1 .  Terminate  ACS 
2 2 .  I n i t i a t e  d a t a  mode A ( t r ansmiss ion )  
23.  Power down capsu le  f o r  c r u i s e  
2 4 .  Power up f a r  e n t r y ,  all engr . .  d a t a  mode A ( t r ansmiss ion )  
2 5 .  Turn-on cruss seq .  A I S  s c i e n c e  and acce le romete r  
26. Arm p a r t i a l  desp in  pyro 
2 7 .  F i r e  p a r t i a l  desp in  pyro 
28.  Safe  p a z t i a l  desp in  py ro  
2 9 .  Sense 1.0 g i n c r e a s i n g  ( a t m s  e n t r y )  i n i t i a t e  d a t a  Mode B ( s to rage )  
30. 
31. 
32. A r m  separate BVS pyro,  power up BVS 
33. F i r e  s e p a r a t e  BVS pyro,  and i n i t i a t e  t r u s s  sequencer 
34. I n i t i a c e  probe (power up probe sc i ence  6 engr) 
35. A r m  probe s e p a r a t i o n  pyro 
36. F i r e  prove s e p a r a t i o n  pyro 
38. I n i t i a t e  d a t a  playback t r ansmi t  from s t o r a g e  (da t a  Mode B )  
39. I n i t i a t e  d a t a  Mode A ( t r ansmiss ion )  
40.  Sense b a l l o o n  extraction p r e s s u r e  
Arm d e f l e c t i o n  p ropu l s ion  p r e s s u r i z a t i o n  and S t a r t  pyro 
F i r e  d e f l e c t i o n  p ropu l s ion  p r e s s u r i z a t i o n  py re  
Arm d e f l e c t i o n  p ropu l s ion  shutdown and s e p a r a t i o n  pyro 
F i r e  d e f l e c t i o n  p ropu l s ion  s e p a r a t i o n  pyro 
Safe d e f l e c t i o n  p ropu l s ion  shutdown and s e p a r a t i o n  pyro 
F i r e  a f t e rbody ,  BVS c h u t e  deployment pyro 
Safe a f t e r b o d y  chu te  h af terbodylBVS chu te  deploy pyr'o 
37. Safe  prove s e p a r a t i o n  p y m  
. . . . Prove Impact 
41. 
4 2 .  
4 3 .  








Arm ba l loon  e x t r a c t i o n  and i n f l a t i o n  pyro 
F i r e  ba l loon  e x t r a c t i o n  pyro 
F i r e  balloon i n f l a t i o n  pyro 
Safe ba l loon  e x t r a c t i o n  and i n f l a t i o n  pyro 
A r m  BVS chu te  release pyro 
F i r e  BVS c h u t e  r e l e a s e  pyro 
Safe BVS chu te  release pyro 
A m  i n f l a t i o n  t e rmina t ion  and i n f l a t i o n  system release pyro 
F i r e  i n f l a t i o n  t e rmina t ion  pyro 
F i r e  i n f l a t i o n  system release pyro,  r e - i n i t i a t e  BVS-DSS 
Science warm up 
5 2 .  Science C a l i b r a t i o n  ( s t o r e d  d a t a ) ,  = d a t a  Mode "C" & "D" 
53. A r m  sc i ence  deployment pyro (except  gas ch iomtograph)  
54. F i r e  s c i ence  deployment p y m ,  open M.S. s o l e n o i d  valves ga the r  i n i t i a l  
55. Safe  sc i ence  deployment p y m  
56. I n i t i a l  sample d a t a  ( excep t  gas chromatograph) i n i t i a t e  d a t a  Mode E 
57.  Shut  down S-band X - m i t t e r ,  r ead  G.C. d a t a  i n t o  main s t o r a g e  
58. h i t i a t e  hour ly  d a t a  s a m p l e  mode C-store  d a t a  
d a t a  sample 
59. I n i t i a t e  8 hour  d a t a  sample Mode D  
60. Transmit  s t o r e d  d a t a  
. . . . I n i t i a t e  sonde sequence 
61. 
62. Arm sonde release p y m  
63.  F i r e  sonde r e l e a s e  pyro and i n i t i a t e  d a t a  fo rma t  
64. Sa fe  sonde r e l e a s e  p y m  
, . . . Sonde impact  
64. Shutdown BVS mounted Sonde communication equipment  
'BVS-DSS i s  a b b r e v i a t i o n  for BVS d a t a  system aequencer. 
'BVS-DS i s  abbrev ia t ion  f o r  BVS d a t a  system. 
Turn on sonde eng inee r ing  and s c i e n c e  and t u r n  on BVS m u n t e d  sonde 
communication equipment  
Time  
105 days 
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Capsule  sys t em pass ive  
3 I g n i t o r s ,  shaped charge 
4 b o l t s  
1 valve 
1 va lve  
1 valve 
1 valve 
2 b o l t s  
Sequencer i n  low pouer mode 
format  A 
1 cab le  c u t t e r  
Cont inue Mode A t ransmiSsion 
3 b o l t s  
2 b o l t s  
Power on probe engr. h s c i e n c e  
1 b o l t  
SIC m u n t e d  equipment  s h u t d o m  
2 b o l t s  
2 valves 
1 cab le  c u t t e r  
1 valve 
I tube c u t t e r ,  2 b o l t s  
Transmit  b i t  c l o c k  on ly  on "bl channel 
1 cab le  c u t t e r  
Begin d a t a  t r a n m i s s i o n  to e a r t h  
Repeat f o r  sonde 2 
1 cab le  c u t t e r  
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SUBSYSTEMS 
BVS SCIENCE SUBSYSTEM 
The exper iment  complements f o r  t h e  t h r e e  b a s e l i n e  BVS m i s s i o n  
modes have  been s e l e c t e d  t o  accompl ish  a s  many of t h e  o b j e c t i v e s  
a s  p o s s i b l e  and were des igned  t o  be n e a r l y  i d e n t i c a l  f o r  each  m i s -  
s i o n  mode. The o n l y  d i f f e r e n c e  i n  payloads  i s  i n  t h e  rep lacement  
of  t h e  v i s u a l  photometers  and s o l a r  a s p e c t  a n g l e  s e n s o r s  w i t h  a 
more e l a b o r a t e  l i g h t  b a c k s c a t t e r  exper iment  on t h e  1973 Venus- 
Mercury m i s s i o n  s i n c e  t h a t  mi s s ion  i s  r e s t r i c t e d  t o  t h e  d a r k  s i d e .  
The common BVS s c i e n c e  payload and o b j e c t i v e s  a r e  summarized i n  
t a b l e  18 ;  t a b l e  19  g i v e s  t h e  exper iment  c h a r a c t e r i s t i c s .  A d e -  
s c r i p t i o n  o f  each in s t rumen t  f o l l o w s .  
T r i a x i a l  Acce lerometer  
This in s t rumen t  s e r v e s  a d u a l  purpose:  i t  measures t h e  e n t r y  
v e h i c l e  d e c e l e r a t i o n  and,  a f t e r  BVS deployment ,  t h e  a c c e l e r a t i o n s  
of  t h e  gondola  caused by t u r b u l e n c e .  T h i s ,  o f  cour se ,  r e q u i r e s  
a d u a l - r a n g e  in s t rumen t  t h a t  measures 0 t o  300 g f o r  t h e  e n t r y  
measurements and -t.l g f o r  t h e  t u r b u l e n c e  measurements.  Some d e -  
velopment may be  r e q u i r e d  t o  produce t h e  d e s i r e d  accuracy  and 
r anges  i n  a s i n g l e  i n s t r u m e n t ,  A t y p i c a l  acce le romete r  t r i a d  
w i t h  t h e  r e q u i r e d  accuracy  i s  shown i n  f i g u r e  2 7 .  I t  i s  f e l t  
t h a t  u s e  o f  m i c r o e l e c t r o n i c s  and some r e d e s i g n  could reduce  t h e  
we igh t  t o  t h e  1 . 5  l b  assumed f o r  t h e  b a s e l i n e  payload .  
For  t h e  t u r b u l e n c e  measurements t h e  acce le romete r  i s  tu rned  
on eve ry  6 o r  8 h r  and a g - swi t ch  armed t o  t r i g g e r  sampling when 
t h e  t u r b u l e n c e  c a u s e s  a c c e l e r a t i o n s  above a c e r t a i n  l e v e l ,  s ay  
t O . l  g .  When t h e s e  l e v e l s  a r e  exceeded f o r  a g iven  t ime ,  t h e  g- 
s w i t c h  i n i t i a t e s  sampling o f  t h e  t h r e e  o u t p u t  channels  a t  t h e  r a t e  
o f  2 samples  p e r  second f o r  24 s e c  g i v i n g  a t o t a l  of 1152 b i t s ,  
n o t  i n c l u d i n g  frame s y n c h r o n i z a t i o n  and t i m e ,  
The a c c e l e r o m e t e r  i s  t h e n  tu rned  o f f  t o  be  armed a g a i n  6 o r  
8 h r  l a t e r .  I t  would be d e s i r a b l e  t o  have t h e  a b i l i t y  t o  r e p r o -  
gram t h e  sampling on command from E a r t h  s i n c e  i t  i s  n o t  p o s s i b l e  
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TABLE 1 9 . -  BVS EXPERIMENT CHARACTERISTICS 
Mass s p e c t r o m e t e r  
Sampling v a l v e  f o r  M.S.  
Gas chromatograph  
A e r o s o l  c o l l e c t o r  
M i n i b i o  l a b  
Drop sondes  (2 )  
Radar  a 1  t i m e t e r  
I ' T o t a l  we igh t  
Removed from 1973 Venus-Mercury m i s s i o n  c o n f i g u r a t i o n .  
Once e v e r y  6 h r  f o r  1973 BVS/o rb i t e r  m i s s i o n  c o n f i g u r a t i o n .  
I 
1 
I Exper iment  
T r i a x i a l  a c c e l e r o m e t e r  
P r e s s u r e  s e n s o r s  (2)  
Tempera tu re  s e n s o r s  (2) 
H,O vapor  s e n s o r  (1) 
L i g h t  b a c k s c a t t e r a  
b 
S o l a r  a s p e c t  a n g l e  s e n s o r  (3) 
V i s u a l  photometer  
b 
Weight ,  
l b  
1 . 5  
1 .o 
1 . 3  
0..8 
al .5 
1 . 5  
2 .o 
9 .o 








2 . 1  
2 . 8  
2 .o 
0 . 4  
a3 .9  
1 . 3  
1 . 5  
8 .O 
5 .O 
1 c o n t  
2 r e a d .  
o u t  
20 .o 
Data 
8 b i t s / a x i s ,  2 s amples / sec  
f o r  24 s e c  e v e r y  8 hours '  
8 b i t s / s e n s o r ,  1 sample lh r  
8 b i t s / s e n s o r ,  1 sample /hr  
8 b i t s / s a m p l e ,  1 sample /h r  
2 d e t e c t o r s ,  8 b i t s / d e t e c -  
t o r ,  1 sample lh r  
8 b i t s l s e n s o r ,  1 sample lh r  
3 d e t e c t o r s ,  8 b i t s / d e t e c -  
t o r ,  1 sample /hr  
1200 b i t s / 2 0  s e c ,  e v e r y  8 
h r  
1200 b i t s / 2 0  minu tes ,  e v e r y  
8 h r c  
48 b i t s / r e a d o u t ,  one  r e a d -  
o u t / h r  f o r  100 h r  
8 b i t s  ( a l t i t u d e ) ,  3x4  b i t s  
( v e l o c i t y ) ,  4 b i t s  ( r e f l e c -  
t i v i t y ) ,  t o t a l  24 b i t s  pe r  
sample ,  1 sample /h r  
~ 
Development s t a t u s  
Des ign  
Current '  
C u r r e n t  
C u r r e n t  
New 
New 
C u r r e n t  
C u r r e n t  
C u r r e n t  
C u r r e n t  
N e w  
New 
New 
: echno l o g y  
C u r r e n t  
C u r r e n t  
C u r r e n t  
New 
C u r r e n t  
C u r r e n t  
C u r r e n t  
C u r r e n t  
C u r r e n t  
N e w  
N e w  












































7 1  
P r e s s u r e  Senso r s  
Two p r e s s u r e  s e n s o r s  w i t h  o v e r l a p p i n g  r anges  ( e . g . ,  400 t o  
1200 mb and 500 t o  700 mb) a r e  mounted i n s i d e  t h e  BVS gondola ,  
which i s  ven ted  t o  t h e  a tmosphere ,  The low range  p rov ides  f o r  
t h e  measurement o f  smal l  p r e s s u r e  v a r i a t i o n s  w h i l e  t h e  w i d e r  r a n g e  
p rov ides  b o t h  redundancy and a c a p a b i l i t y  f o r  o b t a i n i n g  a l i m i t e d  
p r e s s u r e  p r o f i l e  d u r i n g  t h e  f i n a l  d e s c e n t  o f  t h e  BVS. A s  i n  t h e  
p rev ious  s t u d y  ( r e f ,  4 ) ,  t h e  c h a r a c t e r i s t i c s  o f  a n o n e x i s t e n t  
" t y p i c a l "  p r e s s u r e  senso r  have been assumed s i n c e  t h e r e  a r e  many 
such d e v i c e s  p r e s e n t l y  a v a i l a b l e ,  
Temperature  Senso r s  
The re  a r e  two t empera tu re  s e n s o r s  on t h e  BVS; one i s  mounted 
on a s h o r t  boom a t t a c h e d  t o  t h e  gondola w h i l e  t h e  o t h e r  i s  deployed 
on a t h i n  c a b l e  29  f t  below t h e  b a l l o o n  c e n t e r  t o  r e a c h  c o n d i t i o n s  
u n a f f e c t e d  by t h e  p re sence  o f  t h e  BVS.  The s e n s o r s  a r e  s h i e l d e d  
p la t inum r e s i s t a n c e  e l emen t s .  Each h a s  a r ange  from 200 t o  400°K.  
The i n s t r u m e n t s  a r e  desc r ibed  i n  more d e t a i l  i n  r e f e r e n c e  1. 
Dens i ty  
The a tmosphe r i c  d e n s i t y  can be  de te rmined  s i n c e  t h e  BVS mass 
and volume a r e  known. S ince  t h e  BVS f l o a t s  a t  a c o n s t a n t  d e n s i t y  
l e v e l ,  changes w i l l  occur  o n l y  when b a l l a s t  i s  dropped ( i . e . ,  d rop  
sondes ) .  A l t e r n a t i v e l y ,  t h e  p r e s s u r e ,  t empera tu re ,  and mean mo- 
l e c u l a r  weight  can b e  used t o  v e r i f y  the,BVS mass/volume. 
Water Vapor Sensor  
A t  p r e s e n t ,  no comple te ly  s a t i s f a c t o r y  (unambiguous\ method 
exists f o r  de t e rmin ing  t h e  water vapor  c o n t e n t  of an  unknown ( o t h e r  
t h a n  CO,, e t c . )  a tmosphere.  
sumed f o r  t h i s  tudy ,  b u t  unknown trace c o n s t i t u e n t s  (or  H C j )  may 
have  some e f f e c t  on t h e  measurements,  The q u e s t i o n  shou ld  be  ex- 
amined e x p e r i m e n t a l l y  b e f o r e  t h e  f i n a l  c h o i c e  of a senso r  i s  made, 
An aluminum ox ide  s e n s o r  h a s  been as- 
I n  t h e  b a s e l i n e  c o n f i g u r a t i o n ,  t h e  H,O s e n s o r  i s  deployed w i t h  
t h e  t empera tu re  s e n s o r  29  f t  below t h e  b a l l o o n  c e n t e r  t o  minimize 
e f f e c t s  o f  t h e  BVS. F i g u r e  2 8  shows t h e  s e n s o r  c o n f i g u r a t i o n  and 
mounting. Such a s e n s o r  i s  be ing  developed a t  JPL.  Sampling i s  
once  p e r  hour  b u t  i t  would b e  d e s i r a b l e  t o  have t h e  a b i l i t y  t o  
change t h e  sampling r a t e  i n  f l i g h t  t o  moni tor  more r a p i d  v a r i a -  
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L i g h t  B a c k s c a t t e r  Experiment  
The o b j e c t i v e  o f  t h i s  exper iment  i s  t o  monitor  t h e  p re sence  
o f  c l o u d s  i n  t h e  immediate v i c i n i t y  o f  t h e  BVS and t o  i n v e s t i g a t e  
t h e  n a t u r e  o f  t h e  a e r o s o l  ( e . g . ,  p a r t i c l e  s i z e s ,  s i z e  d i s t r i b u -  
t i o n ,  c o n c e n t r a t i o n ,  r e f r a c t i v e  i n d e x e s ,  e t c . ) .  The b a s i c  con- 
c e p t  i s  t o  o b s e r v e  t h e  i n t e n s i t y  and /o r  p o l a r i z a t i o n  o f  t h e  l i g h t  
b a c k s c a t t e r e d  from t h e  cloud p a r t i c l e s  a t  s e v e r a l  a n g l e s  and wave- 
l e n g t h s  and t o  de t e rmine  from t h i s  i n f o r m a t i o n  t h e  n a t u r e  o f  t h e  
p a r t i c l e s ,  The e x t e n t  t o  which t h e s e  p h y s i c a l  p r o p e r t i e s  can be 
de te rmined  depends on t h e  d e g r e e  o f  s o p h i s t i c a t i o n  i n  t h e  i n s t r u -  
m e n t a t i o n .  
Fo r  t h e  purposes  of  t h i s  s t u d y ,  a r a t h e r  s i m p l e  experiment  
has  been assumed a l though  t h e r e  a r e  many o t h e r  more s o p h i s t i c a t e d  
o p t i o n s  p o s s i b l e .  The exper iment  used f o r  t h e  b a s e l i n e  payload 
i s  i l l u s t r a t e d  i n  f i g u r e  2 9 .  The l i g h t  s o u r c e  i s  a g a l l i u m  a r -  
s e n i d e  (GaAs) d iode  e l e c t r o n i c a l l y  modulated t o  h e l p  d i s c r i m i n a t e  
t h e  b a c k s c a t t e r e d  l i g h t  from t h e  background l i g h t  and v a r i a t i o n s  
due t o  changes i n  khe s o l a r  l i g h t  i n t e n s i t y .  Peak o u t p u t  i s  6 x 
W/sr a t  9100 A (peak) and 300'K. 
The two d e t e c t o r s ,  w i t h  s u i t a b l e  f i l t e r s  (pe rhaps  p o l a r i z i n g )  
a r e  p h y s i c a l l y  s e p a r a t e d  from t h e  s o u r c e  t o  a c c e p t  l i g h t  b a c k s c a t -  
tered from two volume e lements  a s  shown i n  f i g u r e  2 9 .  The d e t e c -  
t o r  s i g n a l s  a r e  e l e c t r o n i c a l l y  demodulated,  averaged ove r  a s h o r t  
t i m e ,  and d i g i t i z e d  t o  an 8 - b i t  sample.  Sampling i s  once p e r  hour 
a l t h o u g h  i t  would be  d e s i r a b l e  t o  i n c r e a s e  t h i s  r a t e  on command 
from E a r t h .  
S o l a r  Aspec t  Angle Senso r s  
These  i n s t r u m e n t s  a r e  used t o  h e l p  de t e rmine  t h e  BVS p o s i t i o n  
and i n t e r p r e t  t h e  v i s u a l  photometer  measurements.  F i g u r e  30 i l- 
l u s t r a t e s  t h e  f u n c t i o n a l  o p e r a t i o n  of  t h e  Adcole  D i g i t a l  S o l a r  
Aspec t  S e n s o r .  The a c t u a l  i n s t r u m e n t  c o n s i s t s  o f  two such sen -  
s o r s  a t  r i g h t  a n g l e s  t o  one a n o t h e r  a s  shown. Three  s e n s o r s  a r e  
l o c a t e d  120" a p a r t  around t h e  p e r i p h e r y  o f  t h e  BVS gondola .  The 
b a l l o o n  i s  t r a n s p a r e n t  so  t h e  sun can be  viewed th rough  i t ;  how- 
e v e r ,  i t  a c t s  a s  a s p h e r i c a l  l e n s  and i t s  e f f e c t s  on t h e  a s p e c t  
a n g l e  must be  c a l i b r a t e d .  Another  s o l u t i o n  would be  t o  mount t h e  
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V i s u a l  Photometers  
The t h r e e - c h a n n e l  v i s u a l  photometer i s  deployed on t h e  c a b l e  
w i t h  t h e  t empera tu re  and H,O s e n s o r s  and about  2 f t  below them 
(-31 f t  below b a l l o o n  c e n t e r ) .  The b a l l o o n  sub tends  an  a n g l e  o f  
32 .4"  a t  t h i s  d i s t a n c e  s o  a d i r e c t  view o f  t h e  sun i s  o b t a i n e d  i f  
t h e  z e n i t h  a n g l e  i s  g r e a t e r  t h a n  1 6 . 2 " .  F i g u r e  3 1  summarizes t h e  
c h a r a c t e r i s t i c s  o f  t h e  v i s u a l  photometer .  
Mass Spec t rometer  
The mass spec t romete r  de t e rmines  t h e  c o n c e n t r a t i o n  o f  g a s e s  
w i t h  a tomic  mass numbers between 1 and 90 amu. T h i s  r ange  i n -  
c l u d e s  most of  t h e  common a tmospher ic  gases  ( e . g . ,  O, CO, N, A) 
and t h e i r  d i s s o c i a t i o n  p r o d u c t s .  There  a r e  s e v e r a l  problems a s -  
s o c i a t e d  w i t h  t h e  mechan iza t ion  of  t h i s  exper iment .  F i r s t ,  t h e  
sampling p o r t s  must be l o c a t e d  t o  sample atmosphere t h a t  i s  uncon- 
tamina ted  o r  o t h e r w i s e  a f f e c t e d  by t h e  p re sence  of  t h e  BVS. One 
s o l u t i o n  i s  t o  dep loy  a l o n g  tube  f o r  sampl ing .  However, t h e  
t u b e  i t s e l f  could con tamina te  t h e  sample o r  r e a c t  w i t h  i t .  A t  
t h i s  t i m e  t h e r e  i s  no proved s o l u t i o n  t o  t h e  problem and i n  t h e  
b a s e l i n e  c o n f i g u r a t i o n  t h e  sample i s  in t roduced  th rough  a s h o r t  
t u b e  th rough  t h e  gondola ,  p r o v i d i n g  a s  s h o r t  a p a t h  a s  p o s s i b l e  
t o  t h e  i o n  s o u r c e .  
The o t h e r  major problem concerns  t h e  maintenance o f  a vacuum 
i n  t h e  d e v i c e  ove r  l ong  p e r i o d s  o f  t ime.  J u d i c i o u s  programing o f  
t h e  sampling times i s  r e q u i r e d  a s  w e l l  a s  the development o f  a 
vacuum-t ight  sampling v a l v e .  
F i g u r e s  3 2  and 33 i l l u s t r a t e  t h e  c h a r a c t e r i s t i c s  o f  two t y p e s  
of  mass s p e c t r o m e t e r s .  Both a r e  s u i t a b l e  f o r  t h i s  a p p l i c a t i o n .  
The i n s t r u m e n t s  a r e  be ing  developed a t  JPL and Goddard SFC. 
Gas Chromatograph 
T h i s  i n s t r u m e n t  i s  used t o  de te rmine  t h e  cloud composi t ion ,  
and t o  r e s o l v e  a tmosphe r i c  g a s e s  w i t h  t h e  same mass numbers ( e . g . ,  
N, and CO,). A smal l  (-2 l b )  c o l l e c t i o n  sys tem ( f a n  and f i l t e r )  
i s  used t o  g a t h e r  a sample o f  t h e  a e r o s o l  and d e l i v e r  i t  t o  an 
oven f o r  p y r o l y s i s .  T h r e e  columns should b e  s u f f i c i e n t  -- one 
f o r  s e p a r a t i o n  o f  a tmospher ic  g a s e s  and two f o r  t h e  c loud  p a r t i c l e  
a n a l y s i s .  A s  w i t h  t h e  mass s p e c t r o m e t e r ,  sample con tamina t ion  o r  
m o d i f i c a t i o n  by t h e  sampling sys tem p r e s e n t s  a problem. 
77 
V i s u a l  photometer 
C h a r a c t e r i s t i c s  of v i s u a l  photometer 
Weight: 2 l b  
Volume: 28 cu i n ,  
Power: 1.5 W a t  28 Vdc 
Data: 3 d a t a  channels  - one f o r  each 
spectrum - d i g i t i z e d  t o  8 b i t s  
i n  DAS, sampled a t  lO/sec rate. 
1 temperature  d a t a  channel dig-  
l i g h t  collector 
O p t i c a l  
f i l ters  (3) 
S i 1  i c o n  d e t e c t  or s 
- 
L 
S i l i c o n  
d e t e c t o r  
S i l i c o n  
d e t e c t o r  
S i l i c o n  
d e t e c t o r  
S i l i c o n  
d e t e c t o r  
S i l i c o n  
d e t e c t o r  
S i l i c o n  






All ou tpu t s  0 t o  5 Vdc analog 
+ )Band no. 1, 0.4 t o  0 . 5  1 ~ .  
)Band no. 3, 0.6 t o  0.7 IJ. 
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The weight  and power f o r  t h e  in s t rumen t  used i n  t h e  b a s e l i n e  
c o n f i g u r a t i o n  imply a r a t h e r  l i m i t e d  a n a l y s i s  c a p a b i l i t y  -- t h a t  
i s ,  t h e  i n s t r u m e n t  w i l l  p robably  be a b l e  t o  d e t e c t  o n l y  s p e c i f i e d  
c o n s t i t u e n t s  r a t h e r  t h a n  s e a r c h  f o r  and i d e n t i f y  unknown c o n s t i t -  
u e n t s .  The i n c r e a s e d  s o p h i s t i c a t i o n  t o  i d e n t i f y  unknown compounds 
could be  o b t a i n e d  w i t h  an a d d i t i o n a l  10 l b  - -  i . e . ,  by u s i n g  t h e  
Bio Lab we igh t  a l l o c a t i o n  t o  i n c r e a s e  t h e  c a p a b i l i t y  o f  t h e  g a s  
chromatograph.  
Bio Lab 
I n  l i e u  o f  d e f i n i n g  a s p e c i f i c  l i f e  d e t e c t i o n  exper iment ,  a 
1 0 - l b  we igh t  a l l o c a t i o n  was r e se rved  f o r  t h i s  t ype  of  exper iment  
and a t y p i c a l  d a t a  r a t e  assumed. T y p i c a l  l i f e  d e t e c t i o n  e x p e r i -  
ments t h a t  can  b e  accommodated a r e  d e s c r i b e d  i n  r e f e r e n c e  4 .  One 
p o s s i b l e  o p t i o n  f o r  t h i s  1 0 - l b  a l l o c a t i o n  would be t o  i n c l u d e  a 
more s o p h i s t i c a t e d  gas  chromatograph system t h a t  could s e a r c h  f o r  
o r g a n i c  compounds a s  w e l l  a s  perform more d e t a i l e d  cloud composi- 
t i o n  a n a l y s i s .  
The a e r o s o l  c o l l e c t o r  used f o r  t h e  g a s  chromatograph a l s o  
c o l l e c t s  and d e l i v e r s  samples t o  t h e  Bio Lab ,  
Radar Al t imeter  
The r a d a r  a l t i m e t e r  p rov ides  an  a l t i t u d e  r e f e r e n c e  f o r  t h e  
o t h e r  measurements.  I t  a l s o  measures t h e  BVS v e l o c i t y  o v e r  t h e  
s u r f a c e  and s u r f a c e  r e f l e c t i v i t y .  I t  i s  a p u l s e d ,  X-band, scanned 
beam, phased a r r a y  r a d a r .  The t r a n s m i t t e r  c o n s i s t s  o f  a n  8x8 
phased a r r a y  o f  Radio Frequency B u i l d i n g  Blocks  (RFBB), each  o f  
which c o n t a i n  f requency  m u l t i p l i e r s ,  phase s h i f t e r s ,  power ampl i -  
f i e r s ,  r e c e i v e r  mixe r s ,  I F  a m p l i f i e r s ,  and s o l i d  s t a t e  s w i t c h i n g  
e lements  i n  a s e a l e d  package 2.85x0.9x0.3 i n .  The a u x i l i a r y  c i r -  
c u i t r y  (power s u p p l y ,  d a t a  p r o c e s s i n g ,  t i m i n g ,  and RF source )  i s  
l i s t s  t h e  c h a r a c t e r i s t i c s  o f  t h e , i n s t r u m e n t .  The i n s t r u m e n t  h a s  
been developed by Texas I n s t r u m e n t s  under C o n t r a c t s  AF33 (615) -1993 
and NAS1-5954. A d e t a i l e d  d e s c r i p t i o n  o f  t h e  RFBBs i s  g i v e n  i n  
8 packaged s e p a r a t e l y  and manifolded t o  t h e  RFBB a r r a y ,  T a b l e  20 
NASA CR-66383. 
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TABLE 20 .  - RADAR ALTIMETER SPECIFICATIONS 
. .  
S i z e ,  cu  i n ,  . . . . . . . . . . . . .  450 
Weight,  l b  . . . . . . . . . . . . . .  . 1 2 . 5  :. .. 
Power . . . . . . . . . . . . . . . .  2 O W a r  
28 Vdc 
64 
20" o f f  
v e r t i c a l  
Peak  RF power, W . . . . . . . . . . .  
Scan a n g l e  . . . . . . . . . . . . . .  
Range, km . . . . . . . . . . . . . .  60 t o  70 
10 O 
, ( s t e e r a b l e )  
Beam wid th  . . . . . . . . . . . . . .  
Accuracy,  X . . . . . . . . . . . . .  2 
Drop Sondes 
The two drop  sondes assumed f o r  t h e  b a s e l i n e  c o n f i g u r a t i o n s  
a r e  based on t h o s e  d i s c u s s e d  i n  r e f e r e n c e  4 .  Each 5 - l b  sonde 
c a r r i e s  a t empera tu re  senso r  (200 t o  8OO0K),  two p r e s s u r e  s e n s o r s  
(0 t o  15  and 0 t o  150 atm) and e i t h e r  a w a t e r  vapor  d e t e c t o r  o r  
a v i s i b l e  l i g h t  photometer ,  F i g u r e  34 i s  a schemat ic  i l l u s t r a -  
t i o n  o f  a smal l  sonde.  F u r t h e r  d e t a i l s  a r e  g iven  i n  r e f e r e n c e  4 .  
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To antenna  
4 
- S t a t i c  
p r e s  s u r e  
s y s  tem 
Thermal 
i n s  t a1 l a  t i o n  
- Heat s i n k  
m a t e r i a l  
Dynamic 
p r e s  s u r  e 
s e n s o r  
Note: Not t o  s c a l e ,  -
F i g u r e  3 4 .  - Schematic of S m a l l  Sonde 
a3  
BVS TELECOMMUNICATIONS 
Telecommunications f o r  t h r e e  types  of m i s s i o n s  have been con-  
s i d e r e d  - -  Venus o r b i t a l ,  Venus f l y b y ,  and Venus/Mercury f l y b y .  
A b a s e l i n e  c o n f i g u r a t i o n  and o p t i o n s  wi th  t r a d e o f f  c o n s i d e r a t i o n s  
a re  d e s c r i b e d  f o r  each of t h e  m i s s i o n s .  
F o r  t h e  o r b i t a l  m i s s i o n ,  r e l a y  communications between t h e  BVS/ 
e n t r y  v e h i c l e  and t h e  o r b i t e r  a r e  used f o r  t e l e m e t r y ,  command, and 
Doppler measurements. 
and command. 
Noncoherent FSK i s  used f o r  b o t h  t e l e m e t r y  
A phase  l o c k  loop i s  used i n  t h e  BVS t o  t r a c k  a con t inuous  
mark f r e q u e n c y  t r a n s m i t t e d  by  t h e  s p a c e c r a f t  ( f o l l o w i n g  command 
t r a n s m i s s i o n s )  t o  o b t a i n  one way doppler  measurements*. These 
d a t a  a r e  s t o r e d  i n  t h e  s t a t i o n  a l o n g  w i t h  s c i e n c e  and e n g i n e e r i n g  
d a t a ,  which a r e  sampled on a schedu led  b a s i s  d u r i n g  i n t e r v a l s  be -  
tween communications c o n t a c t  w i t h  t h e  s p a c e c r a f t .  
A f i x e d  t e l e m e t r y  b i t  r a t e  of 240 bps i s  a t t a i n e d  u s i n g  a 20 W 
390 M H z  t r a n s m i t t e r  i n  t h e  BVS € o r  b o t h  e n t r y  and BVS f l o a t a t i o n  
o p e r a t i o n s .  The BVS t r a n s m i t t e r  hand les  e n t r y  d a t a  f o r  t h e  c a p s u l e  
as w e l l  as t h e  BVS d u r i n g  p r e e n t r y  and e n t r y  phases  of t h e  m i s s i o n ,  
The s p a c e c r a f t  to-BVS command s y s t e m  u s e s  t o n e  s e q u e n t i a l  modu- 
l a t i o n  f o r  s i x  commands t h a t  a r e  g e n e r a t e d  by v a r y i n g  t h e  f r equency  
s h i f t  key r a t e  of t h e  20 W 410 M H z  s p a c e c r a f t  t r a n s m i t t e r .  
Both e n t r y  from approach and e n t r y  from o r b i t  were c o n s i d e r e d .  
The r e l a y  l i n k  performance f o r  e i t h e r  approach d u r i n g  e n t r y  i s  
comparable ,  each  w i t h  a view time f o r  e n t r y  and deploy o p e r a t i o n s  
of a t  l eas t  30 minu tes .  
During o r b i t a l  o p e r a t i o n s ,  power t o  t h e  BVS t r a n s m i t t e r  i s  
a p p l i e d  as a r e s u l t  of  d e t e c t i n g  t h e  s p a c e c r a f t  beacon and a 10- 
minute  on-t ime i s  a l lowed  f o r  t r a n s m i s s i o n  of d a t a  t o  t h e  space -  
c r a f t .  
p e r i a p s i s )  i n  any d i r e c t i o n  over  a c e n t r a l  a n g l e  of  30 t o  40" con- 
t i n u e s  t o  p r o v i d e  a 10-minute view t i m e ;  however, a 5-minute view 
t i m e  i s  a d e q u a t e  f o r  t r a n s f e r  of s t o r e d  d a t a  on a nonrepea t  b a s i s .  
D r i f t  of t h e  s t a t i o n  (from an i n i t i a l  p o s i t i o n  65" from 
JfAn o p t i o n a l  c o n f i g u r a t i o n  t o  r e t a i n  t h e  noncoherent  FSK b u t  
a t  t h e  same time o b t a i n  r a n g i n g  and two-way d o p p l e r  measurements 
by t h e  o r b i t e r  f o r  BVS p o s i t i o n  d e t e r m i n a t i o n  i s  p r e s e n t e d  i n  t h e  
append ixes .  
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For  t h e  Venus f l y b y  mis s ion ,  e n t r y  d a t a  a r e  v i a  r e l a y  l i n k  
as i n  t h e  o r b i t e r  mi s s ion .  Pos tdep loy  communications c o n t a c t s  
are  d i r e c t  t o  E a r t h  a t  a b i t  r a t e  of 30 bps u s i n g  an  S-band 20 W 
t r a n s m i t t e r  and s i n g l e  s u b c a r r i e r  PCM/PSK/PM modula t ion  (no s e p -  
a r a t e  sync  s u b c a r r i e r  i s  used ) .  Commands t o  t h e  BVS are  d i r e c t  
from E a r t h  u s i n g  t h e  s t a n d a r d  1 bps Mar ine r - type  command sys tem.  
Con tac t s  w i t h  E a r t h  a r e  scheduled  on a once per  8 -h r  b a s i s  w i t h  
p r o v i s i o n s  f o r  c o n t a c t  on any  hour f o r  command purposes .  T rans -  
mitter on- t ime has  been l i m i t e d  t o  20 minu tes  f o r  a g iven  c o n t a c t  
w i t h  s t o r e d  e l e c t r i c a l  energy  s u f f i c i e n t  f o r  a 50-hr minimum m i s -  
s i o n  d u r a t i o n .  
For t h e  Venus/Mercury f l y b y  m i s s i o n ,  b o t h  e n t r y  and p o s t d e p l o y  
o p e r a t i o n s  r e q u i r e  a d i r e c t  l i n k  t o  E a r t h .  The command sys tem i s  
i d e n t i c a l  t o  t h a t  f o r  t h e  Venus f l y b y  mis s ion .  The t e l e m e t r y  l i n k  
t o  E a r t h  o p e r a t e s  a t  a b i t  r a t e  of 120 bps.  
During t h e  h i g h  g e n t r y  (above 2g) and d u r i n g  b l a c k o u t  t h e  
e n t r y  d a t a  a re  s t o r e d  i n  t h e  BVS. R e a l y t i m e  t e l e m e t r y  a p p e a r s  
f e a s i b l e  below 2 g a c c e l e r a t i o n ,  b u t  p r e d e t e c t i o n  r e c o r d i n g  a t  
t h e  Deep Space Net S t a t i o n  i s  r e q u i r e d  f o r  backup p r o c e s s i n g  ( i n  
c a s e  of r e a l - t i m e  a c q u i s i t i o n  problems) and t h e  p r o c e s s i n g  of 
s i g n a l s  t r a n s m i t t e d  d u r i n g  t h e  h igh  g p o r t i o n  of e n t r y .  The p o s t -  
deploy  s t a t i o n  o p e r a t i o n s  and t r a n s m i s s i o n  d u t y  c y c l e  i s  t h e  same 
a s  f o r  t h e  Venus / f lyby  mis s ion .  
The c o n c l u s i o n s  o f  t h i s  d e s i g n  e f f o r t  a r e  l i s t e d  i n  t a b l e  21. 
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TABLE 2 1 . -  DESIGN EFFORT CONCLUSIONS 
~~~ ~ 
1.- The te lecommunica t ions  r equ i r emen t s  can be m e t  f o r  a l l  m i s -  
s i o n s  s t u d i e d  w i t h  s t a t e - o f - t h e - a r t  concep t s .  
2 .  Re lay  l i n k s  p rov ide  b e t t e r  d a t a  r a t e s  f o r  e n t r y  phases  ( f o r  
t h e  same t r a n s m i t t e r  power) t h a n  do d i r e c t  l i n k s  when e n t r y  
i s  i n  t h e  s p a c e c r a f t  o r b i t  p l a n e  and t h e  r ange  t o  E a r t h  i s  
approx ima te ly  0 . 3  A.U.  o r  beyond. 
3 .  Communications geometry and performance margins  f o r  b o t h  en-  
t r y  from approach  and e n t r y  from o r b i t  a r e  comparable.  
4 .  Relay  l i n k s  between a BVS and a f l y b y  s p a c e c r a f t  f o l l o w i n g  
p l a n e t  encoun te r  a r e  n o t  p r a c t i c a l  i n  most c a s e s .  Direct 
l i n k s  t o  E a r t h  a r e  t h e r e f o r e  r e q u i r e d .  
5. Use of  noncoherent  FSK modulat ion w i t h  i t s  i n h e r e n t l y  lower 
d a t a  r a t e  ( f o r  r e l a y  communications) i s  p r e f e r r e d  f o r  r e l a y  
l i n k s  a s  compared t o  cohe ren t  PSK w i t h  i t s  cont inuous  f r e -  
quency s e a r c h  and a c q u i s i t i o n  demands. 
6 .  Block coding  could be used on BVS t o  DSN t e l e m e t r y  l i n k s  t o  
improve d a t a  r a t e  c a p a b i l i t y  by a f a c t o r  o f  approximate ly  . 
1 . 7 .  However, f o r  t h e  p r e s e n t ,  t h i s  approach i s  h e l a  i n  r e -  
s e r v e  a s  a growth p o t e n t i a l  s i n c e  m o d i f i c a t i o n  o f  t h e  DSN i s  
invo lved .  
7 .  The planned s t anda rd  Mar iner - type  command and m u l t i p l e  m i s -  
s i o n  t e l e m e t r y  hardware f a c i l i t i e s  o f  t h e  NASA DSN a r e  ade-  
q u a t e  t o  suppor t  t h e  BVS miss ions .  However, i f  two-way co-  
h e r e n t  communications l o c k  up w i t h  t h e  DSN i s  used s i m u l t a -  
neous ly  f o r  b o t h  t h e  s p a c e c r a f t  and t h e  BVS, i t  appea r s  t h a t  
two s t a t i o n s  must suppor t  t h e  encoun te r  and e n t r y  phases  
s imul t aneous ly .  
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Telecommunications f o r  t h e  O r b i t a l  Mission 
Radio subsystem - The r equ i r emen t s  f o r  t h e  BVSIerrtry v e h i c l e  
r a d i o  subsystem a r e  shown i n  t a b l e  22. Although t h e  subsystem i s  
l o c a t e d  e n t i r e l y  i n  t h e  BVS, which i s  s e p a r a t e d  from t h e  a e r o s h e l l  
a f t e r  e n t r y ,  i t  f u l f i l l s  t h e  r equ i r emen t s  f o r  t r a n s m i t t i n g  a l l  
BVS/entry v e h i c l e  t e l e m e t r y  d a t a  a s s o c i a t e d  w i t h  s e p a r a t i o n  from 
t h e  s p a c e c r a f t ,  AV burn,  and e n t r y ,  a s  w e l l  a s  f u l f i l l i n g  t h e  
communications r equ i r emen t s  f o r  t h e  BVS d u r i n g  subsequent  con- 
t a c t s  w i t h  t h e  o r b i t e r .  
TABLE 2 2  .- BVS RADIO SUBSYSTEM REQUIREMENTS 
I 
1. 
2 .  
3 .  
4 .  
5 .  
Prov ide  a d a t a  t r a n s m i s s i o n  l i n k  t o  t h e  s u p p o r t i n g  space-  
c r a f t  d u r i n g  s e p a r a t i o n ,  d e o r b i t ,  e n t r y ,  and once p e r  o r b i t  
d u r i n g  pos tdep loy  o p p o r t u n i t i e s .  
Receive and d e t e c t  beacon/command s i g n a l s  r a d i a t e d  from t h e  
s p a c e c r a f t .  
P rov ide  a dopp le r  o u t p u t  from t h e  BVS r e c e i v e r  t h a t  i s  pro-  
p o r t i o n a l  t o  t h e  d i f f e r e n c e  between the  f r equency  of  t h e  i n -  
coming s i g n a l  and t h e  r e c e i v e r  l o c a l  o s c i l l a t o r ,  
P rov ide  a n  an tenna  t h a t  h a s  a r a d i a t i o n  p a t t e r n  g i v i n g  e s -  
s e n t i a l l y  a hemisphe r i ca l  cove rage ,  
Use t h e  an tenna  f o r  bo th  r e c e i v i n g  and t r a n s m i t t i n g ,  
The r a d i o  subsystem c o n s i s t s  o f  a n  a n t e n n a ,  d i p l e x e r ,  r e -  
c e i v e r ,  and t r a n s m i t t e r  a s  shown i n  f i g u r e  35 .  
The an tenna  and d i p l e x e r  a r e  common t o  bo th  t h e  receive and 
t r a n s m i t  c i r c u i t s .  A c r o s s e d - s l o t ,  cavi ty-backed an tenna  having 
h e m i s p h e r i c a l  coverage and a n  o n - a x i s  g a i n  of 5 dB i s  u s e d ,  An- 
t enna  c h a r a c t e r i s t i c s  a r e  shown i n  f i g u r e  3 6 .  T ransmiss ion  be- 
f o r e  s e p a r a t i o n  of t he  BVS from t h e  a e r o s h e l l  i s  through a radome 
i n  t h e  a f t e r b o d y  o f  t h e  a e r o s h e l l .  
The r e c e i v e r  i s  used t o  r e c e i v e  s p a c e c r a f t  command/beacon 
r a d i o  t r a n m i s s i o n s  t h a t  s i g n a l  t h e  BVS t o  beg in  r a d i o  t r a n s m i s -  
s i o n s  and s p e c i f y  o p e r a t i n g  modes. The r e c e i v e r  i s  designed f o r  
f r equency  s h i f t  key (FSK) t one  modu la t ion .  Mark and space p re -  
d e t e c t i o n  f i l t e r s  a r e  fol lowed by squa re  l a w  d e t e c t o r s  and a 
summing c i r c u i t .  The key ing  r a t e  i s  v a r i e d  t o  p rov ide  a t one  
command c a p a b i l i t y .  A d o p p l e r  o u t p u t  i s  a l s o  provided t h a t  can 
be o p e r a t i v e  when a n  unmodulated c a r r i e r  a t  t h e  mark f r equency  i s  
t r a n s m i t t e d  from t h e  s p a c e c r a f t .  Other  r e c e i v e r -  c h a r a c t e r i s t i c s  






Type . . . . . . . . . . . .  Crossed-slot, cavity-backed, 
On axis gain . . . . . . . .  5.0 dB 
foam-filled 
7.4 in. 
Figure 36.- BVS Antenna Characteristics 
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TABLE 23 , - BVS RECEIVER CHARACTERISTICS 
I 
Type . . . . . .  
Frequency . . . .  
Local  o s c i l l a t o r  
s t a b i l i t y  . . .  
Noise f i g u r e  . . 
Image r e j e c t i o n  . 
Spurious r e sponse  
r e j e c t i o n  , . , 
Dynamic r ange  . . 
Power i n p u t  . , . 
Vol tage  . . . . .  
Weight . . . . .  
Volume . . . . .  
. , , . Double superheterodyne F S K w i t h  space 
and mark p r e d e t e c t i o n  f i l t e r s  fo l lowed  
by squa re  l a w  d e t e c t o r s  and summer. 
. , . . Mark channe l  - 409.695 MHz 
Space channe l  - 409.305 MHz 
, . , . 1 p a r t  10" s h o r t  term,  1 p a r t  lo7 l ong  
term 
. . . .  3 d B  
. . .  . 8 0 d B  
. . .  . 6 0 d B  
. . .  . 6 0 d B  
. . . .  1.5 w 
. . . .  24 t o  36 V 
. . .  . 3 l b  
. . , . 60 cu i n ,  maximum 
The t r a n s m i t t e r  i s  f r equency  s h i f t  keyed w i t h  a s p l i t  phase 
NRZ d a t a  t r a i n ,  It o p e r a t e s  on a mark f r equency  of  390.195 MHz 
a t  a b i t  r a t e  o f  240 bps and a power o u t p u t  o f  e i t h e r  0 .5  W o r  20 
W ,  depending on t h e  c o n t r o l  s i g n a l .  The 0.5 W o u t p u t  i s  used du r -  
i n g  checkout ,  s e p a r a t i o n  of t h e  c a p s u l e  from t h e  s p a c e c r a f t ,  and 
d u r i n g  AV burn f o l l o w i n g  s e p a r a t i o n  from t h e  s p a c e c r a f t .  
The "ma'rk" and "space" f r e q u e n c i e s  a r e  g e n e r a t e d  by two c r y s t a l  
c o n t r o l l e d  o s c i l l a t o r s ,  
s o l i d - s t a t e  s w i t c h  i n  r e sponse  t o  t h e  modulat ing d a t a  t r a i n .  O the r  
c h a r a c t e r i s t i c s  of t h e  t r a n s m i t t e r  a r e  shown i n  t a b l e  24. 
S e l e c t i o n  o f  t h e  f r equency  i s  made 'by a 
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TABLE 24.- BVS TRANSMITTER CHARACTERISTICS 
~~ 
Type 
Power o u t p u t  . . . . . . .  20 W minimum o r  0 . 5  W (low power mode) 
Frequency . . . . . . . .  Mark: 390.195 MHz 
. . . . . . . . . .  C r y s t a l  c o n t r o l l e d  d u a l  o s c i l l a t o r  f r e -  
quency s h i f t  key modulat ion.  
Space: 389.805 MHz 
Frequency s t a b i l i t y  . . .  1 p a r t  lo5 long  term,  1 p a r t  lo6 s h o r t  
term 
Modulat ion i n p u t  . . . .  S p l i t  phase NRZ a t  240 bps  
Modulator . . . . . . . .  Sol id  s t a t e  swi t ch  
Weight . . . . . . . . .  4 l b  maximum 
S i z e  . . . . . . . . . .  96 cu i n .  maximum 
Vol t age  i n p u t  . . , . . , 24 t o  36 V 
The BVS r a d i o  subsystem equipment i s  l i s t e d  i n  t a b l e  25. 
Development s t a t u s  and e s t i m a t e d  weight  and power a r e  a l s o  
shown, 
TABLE 25 .- BVS RADIO SUBSYSTEM POWER AND WEIGHT SUMMARY 
Uni t  
T r a n s m i t t e r ,  390 MHz, 20 W 
M a i n  a n t e n n a  
Dip l e x e r  
Command/beacon r e c e i v e r  
Weight,  l b  
4 . O  
5 .O 
0 . 6  
- 3 .O 
12.6 
Power, W 
Development s t a t u s :  
t h e  s t a t e  of t h e  a r t ,  b u t  d e s i g n  t o  unique s p e c i f i c a t i o n s  i s  r e -  
q u i r e d ,  For  example, t h e  environment i s  a unique r equ i r emen t  of 
t h e  d e s i g n  s p e c i f i c a t i o n .  
A l l  equipment r equ i r emen t s  a r e  w e l l  w i t h i n  
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BVS-to-spacecraf t  t e l e m e t r y  performance ( e n t r y  from o r b i t ) :  
The BVS-to-spacecraf t  r e l a y  t e l e m e t r y  l i n k  performance margin and 
a s s o c i a t e d  geometry f o r  t h e  e n t r y  and s t a t i o n  deployment p h a s e s  
o f  t h e  m i s s i o n  a r e  d e s c r i b e d  i n  t h i s  s u b s e c t i o n ,  The time p e r i o d  
covered i s  from 10 minu tes  b e f o r e  e n t r y  th rough  encoun te r  o f  a 
20" above t h e  h o r i z o n  e l e v a t i o n  mask a s  t h e  s p a c e c r a f t  speeds  
toward t h e  h o r i z o n .  Inc luded  i n  t h e  a n a l y s i s  a r e  e f f e c t s  o f  m u l t i -  
p a t h ,  an tenna  g a i n  p a t t e r n ,  t he  bounding atmosphere models,  and 
t a r g e t i n g  c a p a b i l i t y .  
Performance of command and t e l e m e t r y  l inlcs  d u r i n g  p o s t d e p l o y  
phases  o f  t h e  m i s s i o n  a r e  d e s c r i b e d  i n  the  two f o l l o w i n g  s e c t i o n s  
o f  t h i s  r e p o r t .  
An e n t r y  f l i g h t  p a t h  a n g l e  yE of  -30",  t a r g e t i n g  pa rame te r  
f3 o f  65",  and a s p a c e c r a f t  l e a d  a n g l e  A o f  -55" a t  t h e  t ime o f  
c a p s u l e  e n t r y  were s e l e c t e d  f o r  t h e  b a s e l i n e  d e o r b i t  c o n d i t i o n .  
These p a r a m e t e r s  a r e  d e f i n e d  p i c t o r i a l l y  i n  f i g u r e  3 7 .  
i n  BVS an tenna  a s p e c t  a n g l e  a! , s p a c e c r a f t  a n t e n n a  a s p e c t  a n g l e  
V a r i a t i o n s  
P 
a s  a f u n c t i o n  o f  t ime a re  shown 
P C  
and communications range aB , 
f o r  t h e  b a s e l i n e  c o n d i t i o n s  i n  f i g u r e s  38 and 39.  
The s e l e c t e d  geometry r e s u l t s  i n  n e a r  minimum d e o r b i t  v e l o c i t y ,  
s h o r t  c o a s t  t ime ,  and no r equ i r emen t  f o r  r e o r i e n t a t i o n  of  t h e  cap -  
s u l e  a f t e r  s e p a r a t i o n  from t h e  s p a c e c r a f t .  More t h a n  30 minu tes  
minimum communications t ime a f t e r  s t a r t  of  e n t r y  i s  p rov ided  w h i l e  
maximum range  i s  l i m i t e d  t o  2 1  000 km, and t h e  minimum e l e v a t i o n  
a n g l e  i s  20" above t h e  h o r i z o n .  
Maximum communications r ange  and near-minimum s p a c e c r a f t  an-  
t enna  a s p e c t  a n g l e  occur  nea r  e h t r y  and e x h i b i t  l i t t l e  change u n t i l  
a f t e r  BVS/aeroshel l  s e p a r a t i o n .  The BVS a n t e n n a  a s p e c t  a n g l e  ex- 
p e r i e n c e s  i t s  maximum change d u r i n g  t h i s  p e r i o d ,  r e s u l t i n g  i n  i n -  
c r e a s e d  BVS an tenna  p o i n t i n g  l o s s .  
coup led  w i t h  near-maximum communications r ange  r e s u l t s  i n  a w o r s t -  
c a s e  system performance margin o c c u r r i n g  nea r  BVS/aeroshel l  s e p a r a -  
t i o n .  A r e p r e s e n t a t i o n  o f  BVS a n t e n n a  g a i n  v e r s u s  a s p e c t  a n g l e  i s  
g i v e n  i n  f i g u r e  4 0 .  
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Figure 41.- Spacecraft Relay Antenna Power Gain Pattern 
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V a r i a t i o n s  i n  t h e  s p a c e c r a f t  an t enna  aspect a n g l e  e s t a b l i s h  
t h e  r e q u i r e d  s p a c e c r a f t  an t enna  beamwidth i n  t h e  p l a n e  o f  t h e  
o r b i t ,  F i g u r e s  38 and 41  show t h e  a s p e c t  a n g l e  v a r i a t i o n s  and 
t h e  assumed s p a c e c r a f t  an t enna  beamwidth, r e s p e c t i v e l y ,  The r e f -  
e r e n c e  s p a c e c r a f t  an t enna  b o r e s i g h t  was s e l e c t e d  t o  p r o v i d e  n e a r -  
optimum l i n k  performance a t  BVS/aeroshell  s e p a r a t i o n ,  y e t  p r o v i d e  
adequa te  coverage t o  s a t i s f y  t h e  i n i t i a l  c o n t a c t  view-t ime r e q u i r e -  
men t s ,  F u r t h e r  a n a l y s i s  o f  subsequent  c o n t a c t s ,  t o  be encoun te red  
i n  pos tdep loy  o p e r a t i o n s ,  h a s  shown a n  a l t e r n a t i v e  s p a c e c r a f t  an -  
tenna b o r e s i g h t  i s  r e q u i r e d .  T h i s  a l t e r n a t i v e  b o r e s i g h t  r e q u i r e s  
a s i n g l e  ax i s  o f f s e t  of approx ima te ly  50" i n  t h e  o r b i t  p l a n e ,  
Since s h i f t i n g  t h e  an tenna  b o r e s i g h t  f o r  subsequen t  p a s s e s  i s  
r e q u i r e d ,  and s i n c e  t h i s  s h i f t  a l s o  improves t h e  margin n e a r  t h e  
end of  t h e  i n i t i a l  p a s s ,  t h e  s h i f t  can t a k e  p l a c e  d u r i n g  t h e  
i n i t i a l  pass 
System performance was e v a l u a t e d  f o r  t h e  two extreme atmos- 
phere models .  The most s i g n i f i c a n t  e f f e c t  o f  t h e  extreme atmos- 
phere models on t h e  communications l i n k  between t h e  s p a c e c r a f t  
and BVS/entry v e h i c l e  o c c u r s  nea r  e n t r y  and a t  subson ic  probe 
impact .  The t ime h i s t o r y  o f  t h e  BVSIentry v e h i c l e  a t t i t u d e  a c -  
c o u n t s  f o r  t h e  d i f f e r e n c e  i n  performance margin a e a r  e n t r y .  I f  
t h e  dense atmosphere model i s  encoun te red ,  t h e  BVS/entry v e h i c l e  
w i l l  app roach  t h e  r a d i a l  d e s c e n t  a t t i t u d e  e a r l i e r  r e s u l t i n g  i n  
i n c r e a s e d  a n t e n n a  p o i n t i n g  lo s s  and lower marg ins .  Once t h e  BVS/ 
e n t r y  v e h i c l e  assumes t h e  r a d i a l  d e s c e n t  a t t i t u d e  f o r  b o t h  atmos- 
phere models ( ~ 1 0 0  s e c  a f t e r  e n t r y ) ,  t h e  performance margin w i l l  
be independen t  of t h e  atmosphere encoun te red .  The t i m e  from en- 
t r y  t o  s u b s o n i c  probe impact w i l l  be approx ima te ly  100 s e c  l o n g e r  
f o r  t h e  dense  atmosphere model. 
The system performance margin w i l l  v a r y  w i t h  t ime and w i t h  
t h e  atmosphere encoun te red ,  a s  shown i n  f i g u r e s  42 and 4 3 .  The 
performance margin shown was d e r i v e d  f o r  t h e  nominal e n t r y  con- 
d i t i o n s  n o t e d ,  The sample d e s i g n  c o n t r o l  t a b l e  ( t a b l e  2 6 )  dem- 
o n s t r a t e s  t h e  method o f  performance margin c a l c u l a t i o n ,  The BVS 
and s u b s o n i c  probe communication systems a r e  assumed i d e n t i c a l  
from the s t a n d p o i n t  of  e f f e c t i v e  r a d i a t e d  power, i n f o r m a t i o n  b i t  
r a t e ,  and modu la t ion .  T h e r e f o r e ,  a s i n g l e  p r o f i l e  c a n  be used t o  
r e p r e s e n t  t h e  performance o f  b o t h  sys t ems .  The f a c t  t h a t  t h e  
BVS w i l l  f l o a t  a t  a p p r o x i m a t e l y  58 lcm a l t i t u d e  w h i l e  t h e  subson ic  
probe descends  t o  t h e  s u r f a c e  w i l l  n o t  a f f e c t  t h e  geometry s i g -  
n i f i c a n t l y  s i n c e  t h e  communication range t o  t h e  s p a c e c r a f t  i s  
much g r e a t e r  t h a n  t h e  d i f f e r e n c e  between the  BVS and subson ic  
probe a l t i t u d e s .  R e o r i e n t a t i o n  o f  t h e  s p a c e c r a f t  a n t e n n a  t o  a 
b o r e s i g h t  compa t ib l e  w i t h  f u t u r e  pos tdep loy  c o n t a c t s ,  b e f o r e  
r e a c h i n g  t h e  t e r m i n a l  e l e v a t i o n  mask of t h e  i n i t i a l  c o n t a c t ,  
w i l l  i n c r e a s e  t h e  view t ime by approx ima te ly  7 minu te s ,  as  shown 
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F i g u r e  43.- Performance Margin P r o f i l e  ( E n t r y  + 200 s e c  t h r u  I n i t i a l  
Con tac t  Terminal  E l e v a t i o n  Mask) 
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TABLE 26.-  1973 ENTRY FROM ORBIT RELAY LINK PERFORMANCE, TELECOMMUNICATIONS 


















1 6  
1 7  
18 
19 - 
Par  ame t e r 
T r a n s m i t t e r  power 
T r a n s m i t t i n g  c i r c u i t  l o s s  
T r a n s m i t t i n g  an tenna  g a i n  
T r a n s m i t t i n g  an tenna  p o i n t i n g  : 
l o s s  
Space . loss  
F = 390 MHz, p = 2 1  011 km 
P o l a r i z a t i o n  l o s s  
Ionosphe re  a t t e n u a t i o n  
Rece iv ing  a n t e n n a  g a i n  
Rece iv ing  an tenna  p o i n t i n g  l o s s  
C 
Rece iv ing  c i r c u i t  l o s s  
Net c i r c u i t  l o s s  
Received c a r r i e r  power 
Rece ive r  n o i s e  s p e c t r a l  d e n s i t y  
T system = 786°K 
P r e d e t e c t i o n  n o i s e  bandwidth 
b i t  r a t e  240 bps ;  
Rece ive r  n o i s e  power 
Carr ier  - t o  - n o i s e  ra  t i o  
Threshold  c a r r i e r - t o - n o i s e  r a t i o  
b 
P = 4 TW = 112 e 
Fad ing  a l lowance  
Performance margin 
Value 
















-3 .9  dB 
To 1 e r a n c  e No tes  
~~ ~ 
.O W min. 
lax a = 70" 
P 
!or e s i g h  t 
I = -110" B1 
I = -23" B 
.OOO"K max 
!7 kHz 
Note:  C a l c u l a t i o n s  f o r  P o i n t  "A" ( f i g .  42) 
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The f a d i n g  margin r e q u i r e d  t o  overcome t h e  slow f a d i n g  e n v i r o n -  
ment i s  a l s o  shown on t h e  performance margin p r o f i l e s  o f  f i g u r e s  
42 and 4 3 .  The a n a l y s i s  performed t o  de t e rmine  t h e  r e q u i r e d  f a d i n g  
margin c o n s i d e r e d  t h e  p l a n e t  s u r f a c e  c h a r a c t e r i s t i c s ,  t h e  i n c i d e n t  
a n g l e  of t h e  r e f l e c t e d  s i g n a l  on t h e  p l a n e t  s u r f a c e ,  t h e  BVS a n -  
tenna g a i n  d i s t r i b u t i o n ,  and t h e  d i f f e r e n t i a l  p a t h  l e n g t h  between 
t h e  d i r e c t  and r e f l e c t e d  s i g n a l s .  The time d e l a y  between t h e  d i -  
r e c t  and r e f l e c t e d  s i g n a l s  i s  no t  a f a c t o r  i n  d e f i n i n g  t h e  f a d i n g  
environment  s i n c e  i t  r e p r e s e n t s  o n l y  a sma l l  f r a c t i o n  o f  t h e  r e f -  
e r e n c e  system i n f o r m a t i o n  b i t  p e r i o d .  The mettiod o f  d e t e r m i n i n g  
t h e  r e q u i r e d  f a d i n g  margin i s  d i s c u s s e d  i n  appendix G .  
E f f e c t  of  t a r g e t i n g  parameter  on e n t r y  communications: It i s  
o f  i n t e r e s t  t o  de t e rmine  t h e  e f f e c t  on t h e  e n t r y  r e l a y  t e l e m e t r y  
l i n k  o f  v a r y i n g  t h e  t a r g e t i n g  pa rame te r ,  and c o n v e r s e l y  t o  d e t e r -  
mine the  c o n s t r a i n t  on t a r g e t i n g  due t o  t h e  r a d i o  subsystem. 
The a n g l e ,  p, measured c lockwise  from t h e  o r b i t  p e r i a p s i s  
t o  t h e  p o i n t  a t  which t h e  BVSIenLry v e h i c l e  e n t e r s  t h e  Venus a t -  
mosphere i s  d e f i n e d  a s  t h e  t a r g e t i n g  p a r a m e t e r .  The v a r i a t i o n  i n  
t a r g e t i n g  pa rame te r ,  43, t h a t  can be ach ieved  w i t h o u t  v i o l a t i o n  
o f  e s t a b l i s h e d  system c o n s t r a i n t s  i s  a measure of  t h e  t a r g e t i n g  
c a p a b i l i t y ,  The system c o n s t r a i n t s  and pa rame te r s  that: d e f i n e  t h e  
e n t r y  c o n d i t i o n s  a r e  shown i n  f i g u r e  4 4 .  
The e f f e c t  o f  e n t r y  parameter  v a r i a t i o n s  o n  t h e  communication 
system performance i s  shown i n  f i g u r e  4 5 .  The t a r g e t i n g  p a r a m e t e r ,  
p, i s  c o n s t r a i n e d  t o  upper and lower l i m i t s  by t h e  a n g l e  o f  a t -  
t a c k  and t h e  d e o r b i t  v e l o c i t y ,  r e s p e c t i v e l y .  The a s s o c i a t e d  space -  
c r a f t  l e a d  a n g l e ,  A, i s  c o n s t r a i n e d  on t h e  l e f t  by t h e  r e q u i r e d  
view time and on the  r i g h t  by t h e  e l e v a t i o n  mask. Cons tan t  view- 
t ime c o n s t r a i n t  l i n e s  a r e  shown f o r  view t imes  of  30 t o  45 m i n u t e s .  
Compliance w i t h  t h e s e  system c o n s t r a i n t s  r e q u i r e s  t h a t  t h e  e n t r y  
pa rame te r s  be s e l e c t e d  from w i t h i n  the  c o n s t r a i n t  l i n e s .  
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The p o i n t  i n  t h e  d e o r b i t  t r a j e c t o r y  a t  which t h e  minimum p e r -  
formance margin o c c u r s  (point:  "A", f i g .  4 2 )  i s  r e p r e s e n t e d  by t h e  
r e f e r e n c e  p o i n t  noted i n  f igu ' re  4 5 .  The s p e c i f i c  communications 
geometry a s s o c i a t e d  w i t h  p o i n t  "A" a re  a BVS a n t e n n a  a s p e c t  a n g l e  
of  70" and a communication r ange  of  21 000 km. The s p a c e c r a f t  an-  
tenna w i l l  be b o r e s i g h t e d  t o  t h e  BVSfentry v e h i c l e  n e a r  t h i s  p o i n t  
i n  the  e n t r y  phase,  t o  o p t i m i z e  t h e  minimum system performance 
margin.  T h e r e f o r e  t h e  s p a c e c r a f t  an t enna  a s p e c t  a n g l e  w i l l  be 
independent  o f  t h e  e n t r y  c o n d i t i o n s ,  The c o n s t a n t  range l i n e s  
noted on f i g u r e  45 r e p r e s e n t  e n t r y  pa rame te r s ,  and A, f o r  
which c o n s t a n t  communication range o c c u r s ,  A number i s  a s s o c i a t e d  
w i t h  each  c o n s t a n t  range l i n e .  The number r e p r e s e n t s  t h e  improve- 
ment i n  d e c i b e l s  a s s o c i a t e d  w i t h  a d e c r e a s e  i n  space  l o s s ,  The 
dec reased  space l o s s  r e s u l t s  from l i m i t i n g  t h e  communication r ange  
t o  some v a l u e  l e s s  t h a t  2 1  000 km a t  t h e  minimum system performance 
margin p o i n t .  S i m i l a r  c o n s t a n t  a n g l e  l i n e s  were d e r i v e d  and shown 
a s  s o l i d  l i n e s  w i t h i n  t h e  system c o n s t r a i n t s .  The number a s s o c i -  
a t e d  w i t h  each c o n s t a n t  a n g l e  l i n e  r e p r e s e n t s  t h e  d e c i b e l  improve- 
ment i n  BVS a n t e n n a  p o i n t i n g  loss ,  The d e c r e a s e  i n  p o i n t i n g  loss 
can  be o b t a i n e d  by l i m i t i n g  t h e  BVS an tenna  a s p e c t  a n g l e  t o  some 
v a l u e  l e s s  t h a n  70" a t  t h e  m i n i m u m  system performance margin p o i n t .  
With t h i s  i n  mind, t h e  impact  o f  v a r i a t i o n s  i n  e n t r y  parameters on 
t h e  minimum system performance margin can be de t e rmined .  Fo r  ex- 
ample, t h e  r e f e r e n c e  p o i n t  r e p r e s e n t s  a minimum system performance 
margin o f  0.3 dB f o r  a t a r g e t i n g  pa rame te r ,  B ,  o f  64" and a space -  
c r a f t  a n g l e ,  A, of  - 5 6 ' .  Suppose a of  60" and a A o f  -42" 
were t h e  d e s i r e d  e n t r y  pa rame te r s  ( p o i n t  "B"). A 1 .9  dB improve- 
ment i n  BVS a n t e n n a  g a i n  i s  a s s o c i a t e d  w i t h  t h e  c o n s t a n t  a n g l e  l i n e  
and a 4 dB improvement i n  space l o s s  i s  a s s o c i a t e d  w i t h  t h e  con- 
s t a n t  r ange  l i n e .  T h e r e f o r e ,  t h e  t o t a l  improvement i s  5 . 9  dB and 
t h e  minimum system performance margin f o r  t h o s e  e n t r y  parameters 
w i l l  be 6 . 2  dB, F i g u r e  45 was d e r i v e d  from d a t a  o b t a i n e d  f o r  a n  
e n t r y  f l i g h t  p a t h  a n g l e ,  y E ,  o f  -27".  Data d e r i v e d  f o r  e n t r y  
f l i g h t  p a t h  a n g l e s  o f  -27', - 3 0 " ,  and -33' a r e  shown i n  f i g u r e  4 6 .  
It can be s e e n  t h a t  w i t h  p rope r  s e l e c t i o n  of  e n t r y  p a r a m e t e r s ,  
(yE, p ,  A > ,  a t a r g e t i n g  c a p a b i l i t y ,  @, o f  15" can be ob- 
t a i n e d  w i t h o u t  deg rad ing  t h e  minimum system performance margin.  
BVS t o  s p a c e c r a f t  r a d i o  l i n k  performance ( p o s t d e p l o y  o p e r a - '  
t i o n s ) :  S ince  t h e  BVS i s  f r e e  t o  d r i f t  w i t h  t h e  wind a s  i t  f l o a t s  
i n  t h e  atmosphere of  Venus, i t  i s  impor t an t  t o  de t e rmine  t h e  corn-- 
mun ica t ions  t ime a v a i l a b l e  f o r  t r a n s m i s s i o n  o f  t e l e m e t r y  d a t a  t o  
t h e  r e l a y  s p a c e c r a f t  f o r  v a r i o u s  l o c a t i o n s  o f  t h e  BVS i n  r e l a t i o n  
t o  t h e  s u b p e r i a p s i s  p o i n t  and t h e  o r b i t a l  p l a n e  o f  t h e  o r b i t e r .  



































S t a t i o n  p o s i t i o n s  i n  t h e  p l a n e  o f  t h e  o r b i t e r ' s  o r b i t  from t h e  
s u b p e r i a p s i s  p o i n t  ( 0 "  l o n g i t u d e )  t o  120" from t h e  s u b p e r i a p s i s  
p o i n t  i n  i nc remen t s  of  10" and f o r  t h e  same l o n g i t u d e s ,  b u t  f o r  
o u t - o f - p l a n e  l o c a t i o n s  ( l a t i t u d e s )  o f  l o " ,  20", 3 0 ° ,  40°,  and 50" 
were a n a l y z e d .  
The a n a l y s i s  was done by computer t o  c a l c u l a t e  t h e  gometry f o r  
each pass and t h e  communications l i n k  margin v a r i a t i o n  v e r s u s  t i m e  
f o r  each s t a t i o n  l o c a t i o n  a s  t h e  o r b i t e r  moved i n  and o u t  of  o p t i c a l  
l i n e  o f  s i g h t .  Inc luded  i n  t h e  l i n k  margin v e r s u s  time computa t ions  
a r e  r a n g e ,  a n t e n n a  g a i n s  a s  a f u n c t i o n  o f  a s p e c t  a n g l e s ,  m u l t i p a t h  
a l lowance ,  a s  w e l l  a s  f i x e d  g a i n s  and l o s s e s .  
Antenna p a t t e r n s  and sample d e s i g n  c o n t r o l  t a b l e  c a l c u l a t i o n s  
a r e  as  g i v e n  i n  the  p r e v i o u s  s e c t i o n .  The method o f  d e t e r m i n i n g  
t h e  e f f e c t  of m u l t i p a t h  i s  d i s c u s s e d  i n  appendix G. 
B o r e s i g h t i n g  o f  t h e  s p a c e c r a f t  an t enna  (which i s  f i x e d  i n  r e -  
l a t i o n  t o  s p a c e c r a f t  a x e s  once t h e  s t a t i o n  deployment i s  comple t e )  
f o r  pu rposes  o f  t h i s  a n a l y s i s  was done g r a p h i c a l l y  w i t h o u t  t h e  
b e n e f i t  of  i t e r a t i o n  o f  t h e  r e s u l t s .  T h e r e f o r e  t h e  b o r e s i g h t  may 
be l e s s  t h a n  optimum, b u t  i t  i s  r e p r e s e n t a t i v e  o f  r e s u l t s  t h a t  can  
be o b t a i n e d .  
The b o r e s i g h t  chosen was one i n  which t h e  s p a c e c r a f t  a n t e n n a  
a x i s  p o i n t s  t o  t h e  c e n t e r  o f  t h e  p l a n e t  when t h e  s p a c e c r a f t  i s  a t  
t r u e  anomaly o f  300". The wide r  beamwidth of  t h e  e l l i p t i c a l  p a t -  
t e r n  i s  i n  t h e  p l ane  of t h e  o r b i t .  T h i s  g i v e s  good r e s u l t s  when 
a t t e m p t i n g  t o  cover  a s t a t i o n  d r i f t  a r e a  c e n t e r e d  a t  t h e  b a s e l i n e  
m i s s i o n  e n t r y  p o i n t  a t  a l a t i t u d e  o f  65" and l o n g i t u d e  o f  0" as  
r e l a t e d  t o  t h e  o r b i t e r ' s  o r b i t .  
It i s  i m p r a c t i c a l  t o  p l o t  t h e  v a r i a t i o n  v e r s u s  t i m e  o f  a l l  t h e  
l i n k  p a r a m e t e r s  f o r  each o f  t h e  more t h a n  60 s t a t i o n  l o c a t i o n s  con- 
s i d e r e d ,  The s i g n i f i c a n t  r e s u l t s  o f  t h e  i n v e s t i g a t i o n  a r e  shown ' 
i n  f i g u r e  4 7 ,  which g i v e s  a f a m i l y  o f  c u r v e s  showing l e n g t h  o f  t i m e  
( f o r  v a r i o u s  s t a t i o n  l o c a t i o n s )  i n  which t h e  b a s e l i n e  t e l e m e t r y  
l i n k  margins  a r e  above 0 dB f o r  a b i t  e r r o r  r a t e  o f  4 x 
Any l o c a t i o n  showing 5 minu tes  o r  more o f  p o s i t i v e  margin p r o -  
v i d e s  adequa te  t ime f o r  one f u l l  t r a n s f e r  o f  d a t a  t o  t h e  space -  
c r a f t .  A p e r i o d  of  10 minutes  g i v e s  t i m e  f o r  one f u l l  r e p e a t  of  
a l l  d a t a  s t o r e d  i n  t h e  BVS memories, a s  w e l l  a s  s e v e r a l  a d d i t i o n a l  
f r ames  o f  r e a l - t i m e  d a t a .  
1 0 6  
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F i g u r e  47. - Communication P e r i o d  v s  S t a t i o n  P o s i t i o n  
10 7 
A t  l e a s t  5 minutes  o f  communications t ime i s  a v a i l a b l e  f o r  l o -  
Allowable d r i f t  o f  t h e  s t a t i o n  i n  
c a t i o n s  w i t h i n  abou t  40" of  t h e  i n i t i a l  e n t r y  s i t e  assuming an  
e n t i y  a t  a t r u e  anomaly of  65".  
t h e  p l ane  of t h e  o r b i t  and away from p e r i a p s i s  i s  g r e a t e r  t han  60". 
The system margin v e r s u s  t ime f o r  one t y p i c a l  s t a t i o n  l o c a t i o n  
i s  shown i n  f i g u r e  48 a long  w i t h  t h e  adve r se  t o l e r a n c e  and v a r i a -  
t i o n  i n  m u l t i p a t h .  F i g u r e  49 shows an tenna  g a i n  v a r i a t i o n s ,  change 
i n  communication r ange ,  and s p a c e c r a f t  e l e v a t i o n  a n g l e  v e r s u s  t ime 
f o r  t h e  same p a s s .  The beg inn ing  p o i n t  f o r  t h e  p a s s  was a r b i t r a r i l y  
chosen s i n c e  " turn-on" o f  t h e  BVS t r a n s m i t t e r  i s  c o n t r o l l e d  by t h e  
command l i n k  t h r e s h o l d .  Note t h a t  t e l e m e t r y  t r a n s m i s s i o n  o c c u r s  
d u r i n g  o n l y  t h e  f i r s t  10  minutes  a f t e r  which t h e  BVS t r a n s m i t t e r  
. i s  tu rned  o f f ,  The system h a s  no way of  knowing t h a t  d e l a y  o f  t h e  
beginning  o f  t h e  t r a n s m i s s i o n  would have provided b e t t e r  margins  
l a t e r  f o r  a f u l l  10-minute t r a n s m i s s i o n  because t h e  a v a i l a b l e  view 
t ime i s  unknown due t o  l a c k  o f  knowledge o f  where t h e  s t a t i o n  h a s  
d r i f t e d  i n  r e l a t i o n  t o  t h e  o r b i t  of t h e  s p a c e c r a f t .  
Mechaniza t ion  o p t i o n s :  S e v e r a l  o p t i o n s  were cons ide red  i n  se -  
l e c t i n g  t h e  b a s e l i n e  approach  f o r  t h e  command and t e l e m e t r y  com- 
mun ica t ions  l i n k s  t o  t h e  s p a c e c r a f t .  
During t h e  e n t r y  phase ,  e n t r y  d a t a  could be t r a n s m i t t e d  back 
t o  t h e  s p a c e c r a f t  v i a  t h e  BVS t r a n s m i t t e r ,  t h e  subson ic  probe  
t r a n s m i t t e r ,  o r  a s e p a r a t e  t r a n s m i t t e r  i n  the  a e r o s h e l l .  
Because o f  t h e  need t o  "bury" t h e  subsonic  probe i n  t h e  a e r o -  
s h e l l  t o  o b t a i n  a good BVS/entry v e h i c l e  c o n f i g u r a t i o n ,  and t o  
p r e v e n t  r e d e s i g n  of  t h e  BVS communications t o  hand le  e n t r y  d a t a  
i n  c a s e  t h e  subsonic  probe concept  was d e l e t e d ,  i t  was dec ided  
t h a t  t h e  BVS t r a n s m i t t e r  and d a t a  subsystem would be u s e d  i n  t h e  
t r a n s m i s s i o n  o f  e n t r y  d a t a  t o  t h e  r e l a y  s p a c e c r a f t .  
Other  major d e c i s i o n s  were made i n  s e l e c t i n g  t h e  f r equency  and 
modula t ion  f o r  t h e  t e l e m e t r y  and command l i n k  and i n  choos ing  a n  
an tenna  f o r  t h e  s p a c e c r a f t .  
S e l e c t i o n  o f  f r e q u e n c i e s  i n  t h e  400 MHz range  was a compromise, 
For  lower f r e q u e n c i e s  (200 o r  300 MHz) e x c e s s i v e  i o n o s p h e r i c  l o s s e s  
and a d v e r s e  t o l e r a n c e s  were p r e d i c t e d .  Use of  h i g h e r  f r e q u e n c i e s  
r e s u l t s  i n  excess ive  space  l o s s  ( s m a l l  an tenna  a p e r t u r e )  s i n c e  r e -  
q u i r e d  an tenna  beamwidths a r e  d i c t a t e d  by t h e  geometry of t h e  prob-  
lem and remain f i x e d  r e g a r d l e s s  o f  t h e  f r equency .  
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F o r  example, i o n o s p h e r i c  a t t e n u a t i o n  a t  200 MHz i s  p r e d i c t e d  
t o  be 2.95 dB w i t h  a n  u n c e r t a i n t y  o f  p l u s  2.95 dB minus 2.65 dB 
( r e f s .  5 and 6 ) ,  w h i l e  f o r  200 MHz t h e  l o s s  i s  e s t i m a t e d  a t  0.74 
dB w i t h  a u n c e r t a i n t y  o f  p l u s  0.74  dB t o  minus 0.66 dB, The i o n -  
o s p h e r i c  l o s s  and a d v e r s e  t o l e r a n c e  a t  200 MHz comple t e ly  c o u n t e r -  
b a l a n c e  t h e  g a i n s  one would g e t  from t h e  6 dB lower space l o s s .  
T h e r e f o r e ,  one can use  t h e  400 MHz f r equency  w i t h o u t  l o s i n g  power 
and y e t  g a i n  t h e  p h y s i c a l  advan tage  o f  a s m a l l e r  an tenna  ( s m a l l e r  
t h a n  a t  200 MHz). 
L i m i t a t i o n s  i n  t h e  maximum d i a m e t e r  o f  t h e  subson ic  probe r e -  
s t r i c t  t h e  lower end of  t h e  f r e q u e n c y  r ange  t o  abou t  400 MHz. By 
u s i n g  t h e  400 MHz range  f o r  b o t h  BVS and subson ic  probe,  common 
equipment can be used .  
S e l e c t i o n  o f  noncoherent  f r equency  s h i f t  key (FSK) modu la t ion  
ove r  c o h e r e n t  PSK was based s t r i c t l y  on t h e  d e s i r e  t o  avo id  u s e  
of  una t t ended  a u t o m a t i c  f r equency  s e a r c h  modes i n  b o t h  t h e  space-  
c r a f t  and i n  t h e  BVS. The s e a r c h  modes would be  r e q u i r e d  due t o  
t h e  l a r g e  f r equency  u n c e r t a i n t i e s  a s s o c i a t e d  w i t h  dopp le r  and os- 
c i l l a t o ' r  i n s t a b i l i t i e s  o f  t h e  t r a n s m i t t e r s  and r e c e i v e r s .  
A b e n e f i t  o f  commonality o f  equipment was r e a l i z e d  by use of 
noncoherent  FSK f o r  a l l  r e l a y  l i n k s .  The t h r e e  r e l a y  t r a n s m i t t e r s  
(one each  i n  t h e  BVS, s p a c e c r a f t ,  and s u b s o n i c  probe)  can a l l  be  
i d e n t i c a l  u n i t s ,  The s p a c e c r a f t  and BVS r e l a y  r e c e i v e r s  can  a l s o  
be  made i d e n t i c a l .  The c r y s t a l  f r e q u e n c i e s  o f  c o u r s e  m u s t  be  d i f -  
f e r e n t  f o r  e a c h ,  
A p e n a l t y  o f  approx ima te ly  5 dB i n  l i n k  margin i s  pa id  f o r  
going t o  FSK, b u t  i t  i s  f e l t  t h a t  t h e  b e n e f i t s  i n  commonality o f  
subsystems a s  w e l l  a s  e l i m i n a t i o n  o f  t h e  f r equency  s e a r c h  modes 
a r e  more than  o f f s e t t i n g  f o r  t h e  low d a t a  r a t e  r equ i r emen t s  of  
t h i s  m i s s i o n ,  
F i g u r e  50 compares t h e  b i t  r a t e  c a p a b i l i t y  v e r s u s  t r a n s m i t t e r  
power an tenna  g a i n  p r o d u c t s  f o r  v a r i o u s  communications r a n g e s  f o r  
b o t h  c o h e r e n t  PSK/PM and noncoherent  FSK. A b i t  e r r o r  r a t e  o f  
4 x l o m 3  i s  assumed. 
comparison a r e  shown i n  t a b l e s  27 and 28.  
Examples o f  c a l c u l a t i o n s  used i n  making t h i s  
111 
Lepend : 
,-, Noncoherent PCM/FSK ----- Coherent  PCM/PSK/PM 
See r e f e r e n c e  c a l c u l a t i o n s  
f o r  bandwidths  and o t h e r  
parameters .  
0 5 10 15 20 25 
[ T r a n s m i t t e r  power (dBw) + BVS an tenna  ga in  (dB) + S/C an tenna  g a i n  (dB] (dBw) 
( f o r  f r equency  of 390 MHz) 
~~ ~ 
Example: For  20 W t r a n s m i t t e r ,  8 dB S/C an tenna  g a i n  
+ 0 dB BVS an tenna  g a i n  minus 3 dB f o r  m u l t i -  
p a t h  a l lowance  g i v e s  18 dBw. For  FSK modula- 
t i o n ,  d a t a  rates of 370 o r  less can  b e  used  
f o r  r anges  t o  18 800 km assuming no an tenna  
p o i n t i n g  lo s s .  For  PSK/PM modu la t ion ,  d a t a  
rates up t o  1400 bps may b e  used.  A c t u a l  
combina t ions  of  r ange ,  r e a l i z e d  an tenna  g a i n s ,  
and m u l t i p a t h  are a f u n c t i o n  of t h e  o r b i t  and 
s t a t i o n  p o s i t i o n ,  However, f o r  any  g iven  
combina t ion ,  a comparison between FSK and 
PSK systems can  b e  made. 
F i g u r e  50.- Data Rate vs  T r a n s m i t t e r  Power Antenna Gain P roduc t s  f o r  Var ious  
Communication Ranges and Types of Modulat ion 
1 1 2  
TABLE 27. -  BVS-TO-ORBITER REFERENCE LINK CALCULATION (FSK, 128  
b p s ,  18 800 lm, 390 MHz) 
Parame t e r  I 
T o t a l  t r a n s m i t t e r  power 
P o l a r i z a t i o n  l o s s  
I o  no s phe r i c a t t enua t i o n  
T r a n s m i t t e r  c i r c u i t  l o s s  
T r a n s m i t t e r  a n t e n n a  g a i n  
T r a n s m i t t e r  a n t e n n a  p o i n t  l o s s  
Space l o s s  ( r a n g e  18 800 lm, f r equency  390 MHz) 
Rece iv ing  an tenna  g a i n  (on ax i s )  
Rece iv ing  an tenna  p o i n t  loss 
Rece iv ing  c i r c u i t  l o s s  
Ne t  l o s s e s  
T o t a l  r e c e i v e d  power 
System n o i s e  s p e c t r a l  d e n s i t y  
Channel f i l t e r  bandwidth (27 000) 
Ne t  n o i s e  power 
Car r ie r -  t o - n o i s e  r a t i o  
Requi red  S/N ( i n  p r e d e t e c t i o n  BW) 
Performance margin  




















( s e e  n o t e s )  
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T o l e r a n c e  
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3 .2  
- - - -  
3 . 2  
0 .o 
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2 .7  
1 .o 
1 .o 
3 .7  
- - - -  
3 . 7  
Note :  1, No an tenna  g a i n s  a r e  shown f o r  r e f e r e n c e  c a l c u l a t i o n  ( p o i n t i n g  
l o s s  = an tenna  g a i n ) .  
ance  p l u s  m u l t i p a t h  a l lowance  must be  made up by  a n t e n n a  g a i n s  
a n d / o r  r ange  r e d u c t i o n .  
3 .  B a s e l i n e  sys tem o p e r a t e s  a t  a d a t a  r a t e  o f  240 b p s .  
2 ,  D i f f e r e n c e  between performance margin  and sum o f  a d v e r s e  t o l e r -  
I 
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TABLE 28.- REFERENCE BVS TELEMETRY PSK/PM (128 bps ,  390 MHz, 20 W TRANSMITTER, 
18 800 Itm RANGE) 
t 
2 .  D i f f e r e n c e  between margin and sum o f  a d v e r s e  t o l e r a n c e  + m u l t i p a t h  
3 .  T h i s  i s  a n  example of  c a l c u l a t i o n s  used i n  malting comparisons be-  
m u s t  be made up by  a n t e n n a  g a i n s  a n d / o r  r ange  r e d u c t i o n .  
tween PSK and FSK modu la t ion .  The b a s e l i n e  sys tem used  FSK modula- 
t i o n  a t  a d a t a  r a t e  o f  240 bps .  
I 
Parameter  
T o t a l  t r a n s m i t t e r  power 
P o l a r i z a t i o n  l o  s s 
Iono  s p h e r i c  a t t e n u a t i o n  
T r a n s m i t t e r  c i r c u i t  l o s s  
T r a n s m i t t e r  an tenna  g a i n  (on a x i s )  
T r a n s m i t t e r  an tenna  p o i n t i n g  l o s s  
Space l o s s  ( r a n g e  18 800 km, f r equency  390 MHz) 
Rece iv ing  a n t e n n a  g a i n  (on  ax i s )  
Rece iv ing  a n t e n n a  p o i n t i n g  l o s s  
Rece iv ing  c i r c u i t  l o s s  
N e t  losses 
T o t a l  r e c e i v e d  power 
System n o i s e  s p e c t r a l  d e n s i t y  
Ca r r i e r  channe l  
C a r r i e r  modula t ion  l o s s  
Received c a r r i e r  power 
Ca r r i e r  APC n o i s e  bandwith 
( 2  BLO = 160 Hz) 
Threshold  SIN i n  2 BLO 
Thresho ld  c a r r i e r  power 
Performance margin 
Data  channe l  
Modula t ion  l o s s  
Rece ived  d a t a  s u b c a r r i e r  power 
B i t  r a t e  (128 bps)  
Requi red  St/N/B 
C i r c u i t  l o s s  
Thresho ld  s u b c a r r i e r  power 




-0 .7  dB 
-1.0 dB 
-1-4.8 dB 

















4-9 .O dB 
-138.47 dBm 
+6.57 dB 
(see no te )  
-1.06 dB 
T o l e r a n c e  
4- 
0.2 
0 .2  
0 . 6  
0 . 2  
0 .5  
0 .5  




2 .2  
1 .o 
3 .2  
2 .2  
1 .o  
3 .2  
- 
0 ' 0  
0.2 
0.7 
0 . 3  
0 . 3  
0 . 5  







2 . 7  
1 ,o 
3 .7  
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Coding f o r  t h e  r e l a y  l i n k  was n o t  s e r i o u s l y  c o n s i d e r e d  because  
o f  t h e  d e s i r e  t o  minimize s p a c e c r a f t  a d d i t i o n s  and m o d i f i c a t i o n s ,  
Should t h e  d a t a  r a t e  r e q u i r e m e n t s  be d r a s t i c a l l y  i n c r e a s e d ,  as  
would occur  i f  imaging s e n s o r s  were added (TV f o r  example) ,  a 
c o h e r e n t  l i n k  w i t h  coding would be a prime c o n t e n d e r .  The impac t  
of  imaging on t h e  BVS telecommunicat ions subsystems i s  d i s c u s s e d  
i n  append ix  D .  
An i n v e s t i g a t i o n  o f  p o s t d e p l o y  communications coverage f o r  
t h r e e  t y p e s  o f  s p a c e c r a f t  a n t e n n a s  determined whether  t h e  e l l i p -  
t i c a l  p a t t e r n  was indeed  b e t t e r  t h a n  e i t h e r  a n  omni o r  a symmetri- 
c a l  p a t t e r n ,  The computer r u n s  confirmed t h a t  t h e  e l l i p t i c a l  p a t -  
t e r n  p rov ided  t h e  b e t t e r  cove rage  f o r  s t a t i o n  d r i f t s  up t o  40' i n  
a l l  d i r e c t i o n s  from t h e  e n t r y  l o c a t i o n  and t h a t  b e n e f i c i a l  g a i n  
from t h e  antenna was r e a l i z e d .  
Op t ions  t o  p rov ide  two-way d o p p l e r  measurements a re  d i s c u s s e d  
i n  appendix H .  
Communications f o r  t h e  entry-from-approach mode were i n v e s t i -  
g a t e d  f o r  t h e  o r b i t a l  m i s s i o n  as  w e l l  a s  f o r  e n t r y  from o r b i t ,  
The e n t r y  geometry and performance margins  f o r  e n t r y  from approach  
a r e  n e a r l y  i d e n t i c a l  w i t h  t h o s e  of t h e  f l y b y  m i s s i o n  and t h e r e f o r e  
a r e  n o t  p r e s e n t e d .  See t h e  Venus f l y b y  d i s c u s s i o n .  
Command subsystem, - F u n c t i o n s  o f  t h e  command subsystem are  
t o  d e t e c t  and decode command s i g n a l s  r e c e i v e d  from t h e  s p a c e c r a f t  
and t o  i n i t i a t e  d i s c r e t e s  t o  t h e  a p p r o p r i a t e  subsystems i n  r e s p o n s e  
t o  t h e  t r a n s m i t t e d  command. 
A l i s t  o f  commands i s  g i v e n  i n  t a b l e  2 9 .  A l l  a r e  r e a l - t i m e  
commands r e q u i r i n g  momentary o u t p u t  p u l s e s  t o  i n i t i a t e  a c t i o n .  
TABLE 29 .- COMMAND LIST 
1 Release  drop sonde ( a f t e r  f i x e d  d e l a y ) ,  1 
I 2 .  T r a n s f e r  t o  low-power mode. 
3 .  T r a n s f e r  t o  high-power mode. 
4 .  Turn o n  t r a n s m i t t e r .  
5 .  Turn on t r a n s m i t t e r  ( a l t e r n a t i v e  command 
c h a n n e l ) ,  
6 .  Begin d o p p l e r  measurement. 
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Requirements  and d e s c r i p t i o n :  Command requ i r emen t s  a r e  shown 
i n  t a b l e  30. The command subsystem i s  t y p i c a l l y  made up o f  a 
s imple  s e q u e n t i a l  t one  decoder  r e q u i r i n g  a n  " a l e r t "  tone  t o  a c -  
t i v a t e  t h e  u n i t ,  fo l lowed by two command t o n e s  i n  sequence t o  
a c t i v a t e  a n  o u t p u t  s w i t c h .  
t o n e s  can be used t o  p rov ide  a s i x  command c a p a b i l i t y ,  R e c e i p t  
o f  t h e  a l e r t  t one  a c t i v a t e s  t h e  decoding c i r c u i t r y  o n l y  long  
enough t o  r e c e i v e  t h e  command t o n e s ,  T h i s  r educes  t h e  p r o b a b i l i t y  
of  a decoded o u t p u t  due t o  n o i s e .  Use o f  a n  " e x c l u s i v e  o r "  g a t e ,  
and i n t e g r a t i n g  networks can a l s o  be u s e d  t o  guard  a g a i n s t  decod- 
i n g  due t o  n o i s e .  A weigh t  o f  1.5 l b  and 3.5 W of  power have 
been  a l l o t t e d  f o r  t h e  decode r .  
A s i n g l e  a l e r t  t one  and t h r e e  command 
1. C a p a c i t y  t o  decode s i x  commands. 
2 ,  A c t i v a t e  decoding  c i r c u i t r y  on r e c e i p t  o f  a n  a l e r t  
3 .  Decode t h r e e  s e q u e n t i a l  t one  combina t ions  f o l l o w i n g  
t o n e ,  
t h e  " a l e r t "  t o n e .  
4 .  Have immunity t o  i m p u l s e  and broadband n o i s e .  
t 
Mechaniza t ion  o p t i o n s :  Two t y p e s  of  command sys tems have been  
cons ide red  f o r  t h e  spacecraf t - to-BVS l i n k  -- a t o n e  sys tem de - -  
s c r i b e d  above and a b i n a r y  PCM system. 
l a t i o n  h a s  been  chosen r e g a r d l e s s  o f  t one  o r  PCM so t h a t  t h e  s p a t e -  
c r a f t  t r a n s m i t t e r  and BVS r e c e i v e r  a r e  o f  t h e  same b a s i c  d e s i g n  
a s  t h e  BVS-to-spacecraf t  t e l e m e t r y  l i n k ,  Only t h e  decoder  i s  
d i f f e r e n t  f o r  tone  a s  compared t o  PCM, 
Frequency s h i f t  key modu- 
For  t h e  few commands r e q u i r e d ,  a t one  decoder  i s  l i g h t e r  i n  
weight  t h a n  a b i n a r y  PCM decoder  and l e s s  compl i ca t ed .  
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TABLE 3 1 . -  REFERENCE LINK CALCULATION COMMAND LINK (FSK TONE MODULATION FRE- 
QUENCY 410 MHz) 
Parameter  
T o t a l  t r a n s m i t t e r  power 
Po 1 a r i z a t i o  n l o  s s 
Ion0  sphe re  a t t e n u a t i o n  
T r a n s m i t t e r  c i r c u i t  l o s s  
T r a n s m i t t e r  an tenna  g a i n  
T r a n s m i t t e r  an tenna  p o i n t i n g  10s 
Space l o s s  ( r ange  18 800 lcm, 410 MHz) 
Rece iv ing  a n t e n n a  g a i n  (on a x i s )  
Rece iv ing  an tenna  p o i n t i n g  l o s s  
Rece iv ing  c i r c u i t  l o s s  
Net: l o s s e s  
T o t a l  r e c e i v e d  power 
System n o i s e  s p e c t r a l  d e n s i t y  
Channel  f i l t e r  bandwidth (27 000) 
N e t  n o i s e  power 
C a r r i e r - t o - n o i s e  r a t i o  
Requi red  SINin = a + d m  = -6.2 dB 
where a = SINout (1/m) = -0233 
- and TW = - 2700 t o n e  f i l t e r  BW 
Performance margin 
Doppler  t r a c k i n g  loop  
System n o i s e  s p e c t r a l  d e n s i t y  
APC bandwidth (160  Hz)  
Thresho ld  SNR i n  2 BLO 
Thresho ld  car r ie r  power 
Received c a r r i e r  power 
Performance margin 
Value 















-4 .4  dB 
-6 .2  dB 
+1.8 dB 







( s e e  n o t e )  
~ ~~ 




0 .6  
0.2 
0 - 5  - - - -  
0.5 
0 .o  
2.2 
2 .2  
1 .o 
1 .o  




3 . 2  
1 .o 
2 .2  





0 . 3  
0 .5  ---- 
0.3 
0.7 




3 .7  
r eq  ' d  
t18 dB 
-_ - -  
3.7 
1 .o  
2.7 
3 .7  
Note :  1. No an tenna  g a i n  i s  shown f o r  t h e  r e f e r e n c e  c a l c u l a t i o n s  ( p o i n t i n g  
l o s s  = an tenna  g a i n s ) .  
p l u s  m u l t i p a t h  i s  made up by an tenna  g a i n s  a n d / o r  r ange  r e d u c t i o n  
f o r  a c t u a l  geometry ,  
2 .  D i f f e r e n c e  between performance margin and  sum o f  a d v e r s e  t o l e r a n c e  
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Data subsYstem, - Table 32 l i s t s  t h e  e n g i n e e r i n g  and s c i e n c e  
d a t a  r equ i r emen t s  f o r  t h e  BVS. The measurements a r e  grouped i n t o  
f o r m a t s  depending on t h e  time pe r iod  t h e y  are  r e q u i r e d .  The samb 
p l i n g  r a t e  o f  each  measurement i s  shown f o r  t h e  format  pe r iod  c o l -  
l e c t e d ,  Tab le  3 3  l i s t s  t h e  d a t a  f o r m a t s  and t h e  p e r i o d s  of  t ime 
t h a t  t h e y  a re  u s e d ,  
r a t e  o f  240 bps .  ' 
The r e q u i r e d  sampling r a t e s  r e s u l t  i n  a d a t a  
The d a t a  subsystem p r o v i d e s  a l l  t h e  sequencing c o n t r o l  a s s o -  
c i a t e d  w i t h  t h e  c o l l e c t i o n ,  p r o c e s s i n g  and t r a n s m i s s i o n  o f  d a t a  
on t h e  BVS. T h i s  i n c l u d e s  sequencing o f  s c i e n c e  expe r imen t s ,  d a t a  
fo rma t  c o n t r o l ,  and t r a n s m i t t e r  c o n t r o l ,  Table  34 l i s t s  t h e  d a t a  
subsystem sequencer  r equ i r emknt s  f o r  t h e  p e r i o d  of  c a p s u l e  space-  
c r a f t  s e p a r a t i o n .  E n t r y  and deployment sequence r equ i r emen t s  are  
shown i n  Tab le  35. 
Subsystem d e s c r i p t i o n :  The d a t a  subsystem c o n s i s t s  o f  a d a t a  
m u l t i p l e x e r / e n c o d e r ,  memory, t r a n s d u c e r  power supp ly ,  and a d a t a  
subsystem sequence r ,  a l l  l o c a t e d  i n  t h e  BVS. A remote m u l t i p l e x e r  
and a t r a n s d u c e r  power supp ly  a r e  l o c a t e d  i n  t h e  a e r o s h e l l .  
b lock  diagram of t h e  subsystem i s  shown i n  f i g u r e  51. A l l  s c i e n c e  
and e n g i n e e r i n g  d a t a  a r e  p rocessed  through t h i s  d a t a  subsystem. 
A 
The d a t a  subsystem sequencer  (DSS) p r o v i d e s  a l l  t h e  t iming  and 
power c o n t r o l  r e q u i r e d  on t h e  BVS f o r  t h e s e q u e n c i n g  o f  expe r imen t s ,  
d a t a  subsystem equipment,  command, and r a d i o  equipment t o  c o l l e c t ,  
p r o c e s s ,  s t o r e ,  and t r a n s m i t  d a t a ,  It o p e r a t e s  c o n t i n u o u s l y  from 
BVS e n t r y  u n t i l  end o f  m i s s i o n .  
i s s u e d  by t h e  DSS, 
Tab le  3 6  i s  a l i s t  o f  d i s c r e t e s  
The d a t a  m u l t i p l e x e r / e n c o d e r  a c c e p t s  0-40 MV and 0-5 Vdc a n a l o g  
s i g n a l s ,  b i l e v e l  and d i g i t a l  s i g n a l s ,  p r o v i d e s  a d i g i t a l  s i g n a l  
i n t e r f a c e  w i t h  t h e  memory, and p r o v i d e s  c o n t r o l  of  t h e  a e r o s h e l l  
m u l t i p l e x e r ,  A h y b r i d  l e v e l  s i g n a l  i n p u t  f o r  a n a l o g  s i g n a l s  i s  
s e l e c t e d  t o  minimize t h e  s i g n a l  c o n d i t i o n i n g  and t h e  t r a n s d u c e r  
power r e q u i r e m e n t s .  The fo rma t  i s  g e n e r a t e d  by t h i s  u n i t  f o r  t hose  
d a t a  t h a t  a r e  sampled a t  r e g u l a r  i n t e r v a l s  from v a r i o u s  i n s t r u m e n t s ,  
Experiments  w i t h  unique d a t a  hand l ing  r equ i r emen t s  such as  t h e  g a s  
chromatograph, mass s p e c t r o m e t e r ,  sonde, a c c e l e r o m e t e r  f o r  monitor-  
i n g  wind g u s t s ,  and t h e  p o s i t i o n  d e t e r m i n a t i o n  have t h e i r  own as- 
s o c i a t e d  d a t a  p r o c e s s i n g  e l e c t r o n i c s  and p r o v i d e  a d i g i t a l  d a t a  i n -  
t e r f a c e  w i t h  t h e  d a t a  m u l t i p l e x e r / e n c o d e r .  Fo rma t t ing  and b u f f e r  
s t o r a g e  o f  a n  experiment  sample i s  accomplished i n  each  experiment  
data u n i t ,  Clocking and c o n t r o l  i s  provided by t h e  d a t a  subsystem 
s e q u e n c e r ,  Data from t h e  v a r i o u s  experiment  b u f f e r s  i s  sequenced 
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TABLE 3 3 . -  BVS DATA FORMATS 
Format 
~~ ~~~~~ ~ 
Per iod  used and d e s c r i p t i o n  
A Transmi t t ed  d u r i n g  c a p s u l e / s p a c e c r a f t  s e p a r a t i o n .  C o n s i s t s  
o f  a e r o s h e l l  and BVS e n g i n e e r i n g  d a t a .  
B T ransmi t t ed  d u r i n g  c a p s u l e  e n t r y  ( e n t r y  minus 5 minu tes  t o  
BVS s e p a r a t i o n  p l u s  1 minu te ) .  C o n s i s t s  o f  ae ro . she l1  s c i e n c e  
and e n g i n e e r i n g  and BVS e n g i n e e r i n g .  A l s o  probe  s t a t u s  d a t a .  
C S tored  d u r i n g  e n t r y  and p layed  back  a f t e r  BVS s e p a r a t i o n ,  
C o n s i s t s  o f  fo rma t  B d a t a  p l u s  h i g h  r a t e  a c c e l e r a t i o n  d a t a .  
D T ransmi t t ed  d u r i n g  BVS deployment .  C o n s i s t s  o f  BVS atmos-  
p h e r i c  s c i e n c e  and PVS e n g i n e e r i n g  d a t a ,  
E Hour ly  c o l l e c t i o n  fo rma t .  C o n s i s t s  o f  a tmosphe r i c  s c i e n c e ,  
BVS e n g i n e e r i n g ,  b i o  l a b ,  and  sonde s t a t u s .  
F Mass s p e c t r o m e t e r  d a t a  f o r m a t .  C o l l e c t e d  once each  6 h r .  
G Gas chromatograph d a t a  f o r m a t .  C o l l e c t e d  once  each  6 h r .  
H Acce lerometer  f o r m a t ,  C o n s i s t s  o f  a 30-sec  p e r i o d  o f  a c c e  - 
e romete r  d a t a  c o l l e c t e d  once each  6 h r  i f  t he  a c c e l e r a t i o n  
l e v e l  exceeds  a prede termined  t h r e s h o l d .  
I S t a t u s  moni tor  d a t a  f o r m a t ,  C o l l e c t e d  d u r i n g  i n t e r p l a n e t a r y  
c r u i s e .  
J P o s i t i o n  d e t e r m i n a t i o n  d a t a  f o r m a t .  S p a c e c r a f t  beacon-BVS 
r e c e i v e r  o s c i l l a t o r  f r e q u e n c y  d i f f e r e n c e  measurement c o l l e c t e d  
and s t o r e d  d u r i n g  each  s p a c e c r a f t  p a s s  f o r  l a t e r  t r a n s m i s s i o n .  
K Sonde d a t a  f o r m a t .  C o n s i s t s  o f  a tmosphe r i c  s c i e n c e  d a t a  
c o l l e c t e d  and t r a n s m i t t e d  by  r a d i o  sonde .  Received and 
s t o r e d  i n  BVS f o r  l a t e r  t r a n s m i s s i o n ,  
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TABLE 34. - SUBSYSTEM SEQUENCE CAPSULE/ SPACECRAFT SEPARATION 




T+O 1 : 40 
T+02 : 00 
T+02 : 10 
T+02 : 30 
TI-05 : 00 
T+11: 00 
T+25 : 30 
T+3 1 : 00 
Ou t pu t d i s c r e t e  s 
1. 
2 .  
3 .  
4 .  
5 .  
6 .  
7 .  
8 .  
9 .  
1. 
2 .  
3 .  
1. 
2 .  
3 .  
4 .  
1. 
2 .  
1. 
2 .  
1. 
2 .  
1. 
2.  
3 .  
4 .  
5 .  
1. 
2 .  
1. 
2 .  
1. 
2 .  
3 .  
4 .  
1. 
2 .  
Data h a n d l i n g  subsystem on 
T r a n s m i t t e r  on 
T r a n s m i t t e r  low power d i s c r e t e  
Format A d i s c r e t e  
Radar on  
Bio l a b  on 
Mass s p e c t r o m e t e r  on 
Gas chromatograph on 
T r i a d  a c c e l e r a t o r  on 
Format A o f f  
Format B on 
Format C i n t o  s t o r a g e - o n  
Format B o f f  
Format C i n t o  s t o r a g e - o f f  
S t a r t  playback from s t o r a g e  
T r i a d  a c c e l .  o f f  
Stop playback from s t o r a g e  
Format D on  
Format D o f f  
Format E i n t o  s t o r a g e  (1 frame) 
Format F i n t o  s t o r a g e  (1 frame) 
Format G i n t o  s t o r a g e  (1 frame) 
S ta r t . p l aybac1c  from s t o r a g e  
Radar o f f  
Bio l a b  o f f  
Mass spec t romete r  o f f  
Gas chromatograph o f f  
S top  playback from s t o r a g e  
Format A o n  
T r a n s m i t t e r  o f f  
Data h a n d l i n g  S / S  o f f  
Data  h a n d l i n g  S / S  on 
T r a n s m i t t e r  on 
T r a n s m i t t e r  low power d i s c r e t e  
Format A d i s c r e t e  
T r a n s m i t t e r  o f f  
Data h a n d l i n g  S / S  o f f  
124 
TABLE 35 , - DATA SUBSYSTEM SEQUENCE ENTRY AND DEPLOYMENT 
E v e n t s  Time 
(E-5) 
E-0  
ESOO: 30  
(S t -0 )  st-0 
St+0l: 00 
~ Stl-06: 00 
(D-0) D- 0 
I (PP+OO: 01 : 0 0 )  
I D+02 : 00 
D+02 : 10 
D+02:30 
D+07:30 
D+15 : 00 
DS30 : 00 
E n t r y  minus 5 min s i g n a l  from a e r o s h e l l  
sequencer  
Output  d i s c r e t e s  
1. Data h a n d l i n g  S / S  on 
2 .  T r a n s m i t t e r  on 
3 .  T r a n s m i t t e r  h i g h  power d i s c r e t e  
4 .  Format B d i s c r e t e  
5 .  T r i a d  a c c e l e r o m e t e r  on 
(1 g d i s c r e t e  from s c i e n c e  i n s t r u m e n t )  
S t a r t  Format C i n t o  s t o r a g e  
S top  Format C i n t o  s t o r a g e  
(A 1 g t h r e s h o l d  l e v e l  a f t e r  T+00:30 
w i l l  i n i t i a t e  a 2-sec  s t o r a g e  o f  Format  C )  
2 -sec  s t o r a g e  c y c l e  locked o u t  a f t e r  10 
c y c l e s .  
BVS s e p a r a t i o n  d i s c r e t e  from sequencer  
1. Format B s t o p  
2 .  S t a r t  p layback  from s t o r a g e  
3 .  Radar on 
1. Stop p l ayback  from s t o r a g e  
2 .  Format D on 
BVS deployed ( s i g n a l  from sequencer )  
1. Bio l a b  on  
2 .  Mass spec t romete r  on  
3 .  A r m  wind g u s t  measurement (Mode 6) 
1. Format D s t o p  
2 .  Two f rames  o f  Format E i n t o  s t o r a g e  
1. Sample t o  mass spec t romete r  
2.  One frame o f  Format F i n t o  s t o r a g e  
1. S t a r t  p l ayback  o f  s t o r a g e  
2.  Mass spec t romete r  o f f  
1. Stop  p layback  o f  s t o r a g e  
2 .  S t a r t  Format E 
1. T r a n s m i t t e r  o f f  
2 ,  Radar o f f  
3 .  Data  hand l ing  S / S  o f f  
1, S t a r t  b i o  sample c o l l e c t i o n  
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TABLE 3 5 , -  DATA SUBSYSTEM SEQUENCE ENTRY AND DEPLOYMENT - Concluded 
Events T ime  
D + l : O O  : 00 
D+1:  02 : 00 
D+1:  02 : 10 
D+2,3,4, and 5 
D+4 : 3 0 : 00 
D+5 : 30 : 00 
D+5 : 40 : 00 
D4-6 : 00 : 00 
D+6:02:00 
D+6:02:10 
D+6 : 02 : 40 
1. Data h a n d l i n g  S / S  on 
2 .  Radar on 
1. Two f r ames  o f  Format E i n t o  s t o r a g e  
1. Radar o f f  
2 .  Data h a n d l i n g  S / S  o f f  
3 .  Accelerometer  o f f  
Repeat D+1 t o  D+1: 0 2  : 10 sequence 
1. S t a r t  G .C .  sample c o l l e c t i o n  
1. Bio  sample t o  b i o  l a b  
1. Gas chromatograph on 
2 .  Sample t o  G . C .  
3 .  Frame G s t a r t  
1. Data h a n d l i n g  S / S  on 
2 .  Radar on 
3 .  Mass s p e c t r o m e t e r  o n  
4 .  Accelerometer  on 
1. Two frames o f  Format E i n t o  s t o r a g e  
1. One frame o f  Format F i n t o  s t o r a g e  
2 .  One frame of  Format G i n t o  s t o r a g e  
3 .  Wind g u s t  d a t a  t r a n s f e r r e d  i f  t h r e s h o l d  
1. Radar o f f  
2 .  Mass s p e c t r o m e t e r  o f f  
3 .  Gas chromatograph o f f  
4 .  Data h a n d l i n g  o f f  
5 .  A r m  wind g u s t  measurement 
was exceeded 
D+7, 8 ,  9 ,  10, and 11 r e p e a t  D+1 t o  D-f-1:02:10 sequence 
D+12 Repeat D+6 t o  D+6:02:40 sequence 
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TABLE 36.-  DISCRETES ISSUED BY DATA SUBSYSTEM SEQUENCER (DSS) 
From DSS To 
1, T r a n s m i t t e r  o n / o f f  BVS power c o n t r o l  
2 .  T r a n s m i t t e r  low power 
3 .  T r a n s m i t t e r  h i g h  power 
4 .  Data m u l t i p l e x e r / e n c o d e r ,  t r a n s d u c e r  power 
supp ly ,  d a t a  memory, a tmosphe r i c  s c i e n c e  
i n s t r u m e n t s  o n / o f f  
5 .  Bio l a b  o n / o f f  
6 .  Mass s p e c t r o m e t e r  o n / o f f  
7. Gas chromatograph 
8 .  Main r e c e i v e r  o n / o f f  
9 .  Command d e t e c t o r  and decoder  o n / o f f  
1 0 .  P o s i t i o n  d e t e r m i n a t i o n  d a t a  u n i t  o n / o f f  
11. Sonde d a t a  u n i t  o n / o f f  
1 2 .  A r m  sonde 
13.  Re lease  sonde 
14 .  Sa fe  sonde 
15 .  Acce le romete r  o n / o f f  
1 6 .  Radar o n / o f f  
1 7 .  t h r u  25. Formats A-E s t a r t / s t o p  
26.  Atmospheric sample c o l l e c t i o n  
27.  Bio sample c o l l e c t i o n  
28. t h r u  4 0 .  Science d i s c r e t e s  
41.  t h r u  50.  Data h a n d l i n g  d i s c r e t e s  
T r a n s m i t t e r  
T r a n s m i t t e r  
BVS power c o n t r o l  
BVS power c o n t r o l  
BVS power c o n t r o l  
BVS power c o n t r o l  
BVS power c o n t r o l  
BVS power c o n t r o l  
BVS power c o n t r o l  
BVS power c o n t r o l  
BVS power c o n t r o l  
BVS power c o n t r o l  
BVS power c o n t r o l  
BVS power c o n t r o l  
BVS power c o n t r o l  
Data m u l t i p l e x e r /  
encoder  
Sc ience  
Sc ience  
Sc ience  
Data m u l t i p l e x e r /  
encoder  
128  
The d a t a  memory i s  s i z e d  by  the  amount of d a t a  c o l l e c t e d  d u r -  
i n g  t h e  t i m e  i t  t a k e s  the  s p a c e c r a f t  t o  make one o r b i t .  T h i s  r e -  
s u l t s  i n  a s t o r a g e  o f  approx ima te ly  36 000 b i t s ,  T h i s  memory a l s o  
p r o v i d e s  s t o r a g e  o f  e n t r y  d a t a  f o r  t h e  p e r i o d  d u r i n g  which t r a n s -  
m i s s i o n  may b e  i n t e r r u p t e d  due t o  rf  b l a c k o u t .  
The t r a n s d u c e r  power s u p p l y  p r o v i d e s  5 Vdc r e g u l a t e d  power t o  
t h o s e  e n g i n e e r i n g  s e n s o r s  r e q u i r i n g  r e g u l a t e d  power, 
S i z e ,  we igh t ,  and power r e q u i r e d  f o r  t h e  d a t a  subsystem a r e  
shown i n  t a b l e  3 7 ,  
TABLE 37.  - DATA SUBSYSTEM SIZE,  WEIGHT, AND POWER 
Component 
BV S -
Data subsystem sequencer  
Data m u l t i p l e x e r / e n c o d e r  
Memory 
Transducer  power s u p p l y  
E n g i n e e r i n g  s e n s o r s  
T o t a l  
A e r o s h e l l  
M u l t i p l e x e r / e n c o d e r  
Transducer  power supp ly  
Engine e r i n g  s en so r s 
T o t a l  
~~ ~ 
S i z e ,  













Weight ,  
l b  
4 .O 
10 .0  
4 .O 
0 .5  
0 . 5  
19 .o  
3 .o  
0 . 5  
2 .o  
5 . 5  
Power, W 
4 . 0  
8 . 5  
1 .o 
1 .o 
- - - -  
1 4 . 5  
4 .O 
1 .o 
- _ - _  
5 .O 
Subsystem o p e r a t i o n :  The d a t a  subsystem p r o v i d e s  f o r  the co l -  
l e c t i o n ,  p r o c e s s i n g ,  s t o r a g e ,  and  t r a n s m i s s i o n  o f  s c i e n c e  and en-  
g i n e e r i n g  d a t a  from t h e  BVS d u r i n g  t h e  p l a n e t a r y  m i s s i o n .  I n  ad -  
d i t i o n ,  i t  p r o v i d e s  t h e  p r imary  source  of system checkout  d a t a  
d u r i n g  p re l aunch  t e s t s .  Dur ing  i n t e r p l a n e t a r y  c r u i s e ,  c a p s u l e  
s t a t u s  d a t a  a r e  m u l t i p l e x e d ,  conve r t ed ,  and f o r m a t t e d  by  t h e  a e r o -  
s h e l l  m u l t i p l e x e r  under  c o n t r o l  o f  a format  g e n e r a t o r  i n  t h e  a e r o -  
s h e l l .  Clocking  and d a t a  a d d r e s s  a r e  provided  by the  s p a c e c r a f t ,  
A f t e r  a t t a i n i n g  o r b i t  a round Venus and on E a r t h  command, t h e  space -  
c r a f t  i s s u e s  a s e p a r a t i o n  d i s c r e t e  t o  t h e  a e r o s h e l l  s e q u e n c e r ,  
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T h i s  sequencer  c o n t r o l s  t h e  c a p s u l e  s e p a r a t i o n  and e n t r y  se- 
quence .  The d a t a  subsystem sequencer  i n  t h e  BVS i s  tu rned  on  by  
the a e r o s h e l l  sequencer  and r e c e i v e s  a d i s c r e t e  t h a t  i n i t i a t e s  
t h e  d a t a  h a n d l i n g  sequence f o r  s e p a r a t i o n .  T h i s  sequence i s  shown 
i n  t a b l e  3 4 .  The a e r o s h e l l  m u l t i p l e x e r  i s  c locked  and addres sed  
by t h e  d a t a  m u l t i p l e x e r / e n c o d e r  i n  t h e  BVS. A l l  a e r o s h e l l  d a t a  
and d e o r b i t . e n g i n e  d a t a  a r e  m u l t i p l e x e d  by  t h e  a e r o s h e l l  m u l t i -  
p l e x e r  and f o r m a t t e d  by  t h e  d a t a  m u l t i p l e x e r / e n c o d e r  i n  t h e  BVS. 
T h i s  r e s u l t s  i n  a s i m p l e r  i n t e r f a c e  between the a e r o s h e l l  and BVS 
and a l s o  r e d u c e s  t he  amount o f  hardware i n  t h e  BVS. 
A f t e r  d e o r b i t  eng ine  s e p a r a t i o n ,  t h e  d a t a  subsystem i s  s h u t  
down u n t i l  5 minu tes  b e f o r e  e n t r y  when the a e r o s h e l l  sequencer  
a g a i n  t u r n s  on  t h e  DSS and i s s u e s  a d i s c r e t e  t o  i n i t i a t e  t h e  d a t a  
h a n d l i n g  sequence f o r  e n t r y  and deployment .  T h i s  sequence i s  
shown i n  t a b l e  35. C e r t a i n  f u n c t i o n s  a r e  e v e n t - c o n t r o l l e d  w h i l e  
o t h e r s  a r e  t imed.  Those t h a t  are  e v e n t - c o n t r o l l e d  a r e  t u r n  o n  
f o r  e n t r y ,  s t a r t  s t o r a g e  o f  e n t r y  d a t a  ( i n i t i a t e d  by  g s w i t c h ) ,  
p layback  o f  e n t r y  d a t a  ( t imed from BVS s e p a r a t i o n  s i g n a l ) ,  and 
BVS-deployed d i s c r e t e ,  A l l  d a t a  c o l l e c t i o n  sequences  a f t e r  de-  
ployment a re  t imed from deployment .  T ransmiss ion  o f  d a t a  d u r i n g  
t h e  second and succeed ing  p a s s e s  o f  t h e  s p a c e c r a f t  i s  a l s o  even t -  
c o n t r o l l e d  and r e s u l t s  from a r e c e i v e d  s i g n a l  from t h e  s p a c e c r a f t  
exceeding  a prede termined  t h r e s h o l d .  T h i s  sequence i s  shown i n  
t a b l e  38. The d a t a  subsystem w i l l  c o n t i n u e  t o  o p e r a t e  i n  a n  a u t o -  
m a t i c  mode u n t i l  end o f  mis s ion .  
Mechan iza t ion  o p t i o n s :  The major  t r a d e o f f  cons ide red  i n  t h e  
d a t a  subsystem i s  i n  t h e  u s e  o f  a d e c e n t r a l i z e d  versus  a c e n t r a l - .  
i z e d  da t a  subsys tem.  A c e n t r a l i z e d  system r e q u i r e s  a small gen- 
e r a l  purpose computer t o  p rov ide  f l e x i b i l i t y  f o r  hand l ing  v a r i o u s  
expe r imen t s .  A l l  d a t a  p r o c e s s i n g ,  d a t a  compress ion ,  and format -  
t i n g  would be  handled  through t h i s  computer .  I n  t h e  d e c e n t r a l -  
i z e d  approach ,  the  d a t a  p r o c e s s i n g  f o r  each  unique  exper iment  i s  
handled  s e p a r a t e l y ,  A s t a n d a r d  d i g i t a l  i n t e r f a c e .  i s  e s t a b l i s h e d  
between a c e n t r a l  d a t a  m u l t i p l e x e r  and t h e  d a t a  p r o c e s s i n g  e l e c -  
t r o n i c s  f o r  each unique  exper iment .  Because o f  t h e  p o s s i b l e  ex- 
pe r imen t  complement t h a t  may be f lown,  c o n s i d e r a b l e  f l e x i b i l i t y  
must  be provided  t o  u s e  a c e n t r a l i z e d  approach .  A number o f  ex- 
p e r i m e n t s  i d e n t i f i e d  i n  t h e  b a s e l i n e  c o n f i g u r a t i o n  have unique  
d a t a  p r o c e s s i n g  r e q u i r e m e n t s .  Recept ion ,  d e t e c t i o n ,  and s t o r a g e  
sonde d a t a  w i l l  o c c u r  o n l y  twice  d u r i n g  the m i s s i o n .  B e t t e r  u se  
o f  power i s  p o s s i b l e  w i t h  s e p a r a t e  e l e c t r o n i c s  f o r  t h i s  e x p e r i -  
ment and t u r n i n g  i t  on f o r  o n l y  t h e  p e r i o d s  r e q u i r e d .  
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TABLE 38.-  TRANSMISSION SEQUENCE AFTER BVS I S  DEPLOYED 
Di-2 0 : 00 : 00 ; e t c 
( a t  o r b i t  p e r i o d  
i n t e r v a l s )  
D+24+(R-0) 
R+2:30(+0 t o  +00:40)  
(02:40 f o r  c o l l e c t i o n  
c y c l e )  
R-t05 : 00 
R+05 : 3 0 
R+08:00 ( o r  +09:00 
i f  sonde h a s  been 
dropped)  
R+09:00 ( o r  +10:00) 
R+01:30:00 ( o r  l o s s  of 
beacon p l u s  1 min) 
Rece ive r  on  
S p a c e c r a f t  beacon r e c e i v e d  
1. 
2 .  
3 .  
4 .  
5 .  
6 .  






2 .  
1. 
2 .  
1. 
2.  
3 .  
4 .  
5 .  
6 .  
7 .  
1. 
2 .  
T r a n s m i t t e r  on 
Command decoder  on 
P o s i t i o n  d e t e r m i n a t i o n  d a t a  u n i t  on 
Data h a n d l i n g  S / S  on  (240 bps  b i t  r a t e )  
Radar o n  
Sc ience  i n s t r u m e n t s  on 
I f  i n  d a t a  c o l l e c t i o n  c y c l e ,  comple te  c y c l e  
and  i n i t i a t e  Format E ;  i f  n o t  i n  c y c l e ,  l o c k  
o u t  c o l l e c t i o n  c y c l e  and i n i t i a t e  Format E .  
Format E s t o p  
S t a r t  p l ayback  o f  c e n t r a l  s t o r a g e  ( i n c l u d e s  
d o p p l e r  d a t a )  (36 000 b i t s  t o t a l )  
S top  p l ayback  of c e n t r a l  s t o r a g e  
S t a r t  Format E 
Stop Format E 
S t a r t  sonde d a t a  s t o r a g e  p l ayback  ( o r  i f  no 
sonde dropped i n i t i a t e  second p layback  o f  
c e n t r a l  s t o r a g e  
S top  p l ayback  from c e n t r a l  s t o r a g e  
S t a r t  Format E 
Stop Format E 
Unlock d a t a  c o l l e c t i o n  c y c l e  
Data h a n d l i n g  S / S  o f f  
T r a n s m i t t e r  o f f  
Command decoder  o f f  
Radar o f f  
Sc ience  i n s t r u m e n t s  o f f  
P o s i t i o n  d e t e r m i n a t i o n  d a t a  u n i t  o f f  
Rece ive r  o f f  
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Other  expe r imen t s  t h a t  have unique d a t a  p r o c e s s i n g  r e q u i r e m e n t s  
a r e  t h e  mass s p e c t r o m e t e r ,  g a s  chromatograph, and wind g u s t  d e t e c -  
t i o n .  Wind g u s t  d e t e c t i o n  r e q u i r e s  a h i g h  sampling o f  a n  a c c e l e r -  
ometer when t h e  i n p u t  exceeds some p rede te rmined  t h r e s h o l d .  The 
g a s  chromatograph r e q u i r e s  a compara t ive ly  long  t ime  (20 m i n u t e s )  
t o  p r o c e s s  one sample and t h e  d a t a  sampling r a t e  i s  low. Data 
compression w i l l  be used on t h e  mass s p e c t r o m e t e r  d a t a  t o  r educe  
t h e  t o t a l  t r a n s m i t t e d  (and s t o r e d )  d a t a .  T h i s  w i l l  i n v o l v e  t h e  
d e t e c t i o n  and s t o r a g e  of peak s i g n a l s  w i t h  t h e  d a t a  system b e i n g  
s i z e d  t o  hand le  48 peaks .  It r e s u l t s  i n  a compression of  a p p r o x i -  
ma te ly  10 t o  1 f o r  t h e s e  d a t a ,  
A d e c e n t r a l i z e d  system h a s  been s e l e c t e d  f o r  t h e  BVS m i s s i o n .  
It r e s u l t s  i n  t h e  use  of a s t a n d a r d  d i g i t a l  i n t e r f a c e  between a 
c e n t r a l  d a t a  m u l t i p l e x e r  and unique expe r imen t  d a t a  p r o c e s s o r s .  
It w i l l  a l s o  r e s u l t  i n  a minimum w e i g h t  system because expe r imen t  
d a t a  p r o c e s s o r s  a r e  added o n l y  w i t h  t h e  expe r imen t .  With a cen-  
t r a l i z e d  d e s i g n  t h e  c a p a b i l i t y  would be i n c l u d e d  i n  t h e  b a s i c  de-  
s i g n  and could n o t  r e a d i l y  be removed i f  t h e  experiment  d i d  n o t  
f l y .  
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Telecommunicat ions f o r  t h e  Venus Flyby Miss ion  
D i f f e r e n c e s  between the BVS/entry v e h i c l e  te lecommunica t ions  
f o r  the f l y b y  and the o r b i t a l  mi s s ion  a r e  i d e n t i f i e d  i n  t h i s  s e c -  
t i o n .  
RadFo subsystem.-  Requi rements  f o r  t h e  BVS/entry v e h i c l e  r a d i o  
sys tem a r e  shown i n  t a b l e  3 9 .  Note t h a t  t h e  r e q u i r e m e n t s  a r e  
i d e n t i c a l  t o  t h o s e  o f  t h e  o r b i t e r - s u p p o r t e d  BVS up t o  and i n c l u d -  
i n g  t h e  BVS deployment p h a s e ,  Fol lowing  t h a t  event  t h e  r e l a y  com- 
munica t ions  l i n k  t o  t h e  S I C  i s  t e r m i n a t e d  and a d i r e c t - t o - E a r t h  
l i n k  i s  e s t a b l i s h e d  f o r  t e l e m e t r y  and command o p e r a t i o n s .  
The BVS r a d i o  subsystem c o n s i s t s  of  a 390 MHz, 20 W o u t p u t ,  
f requency  s h i f t  keyed r e l a y  t r a n s m i t t e r ,  and 390 ' h z  r e l a y  an tenna  
p l u s  an S-band r e c e i v e r ,  m o d u l a t o r / e x c i t e r ,  power a m p l i f i e r ,  d i -  
p l e x e r ,  and an tenna  a s  shown i n  t h e  b l o c k  diagram of  f i g u r e  5 2 .  
TABLE 3 9 . - RADIO SUB SYSTEM REQUIREMENTS 
P r e e n t r y  through s t a t i o n  deploy  mis s ion  phases  
P r o v i d e  a d a t a  t r a n s m i s s i o n  l i n k  t o  t h e  s u p p o r t i n g  s p a c e c r a f t  
d u r i n g  s e p a r a t i o n  from t h e  s p a c e c r a f t ,  AV b o o s t ,  and e n t r y  
through deploy  of  t h e  BVS. (An e n t r y  b l a c k o u t  of  communications 
f o r  approximate ly  20 s e c  i s  a c c e p t a b l e . )  
P r o v i d e  a minimum d a t a  r a t e  c a p a b i l i t y  o f  240 bps a t  a maximum 
b i t  e r r o r  r a t e  p r o b a b i l i t y  of  4 x 
Buoyant s t a t i o n  pos tdeploy  mis s ion  phases  
P rov ide  a t e l e m e t r y  d a t a  t r a n s m i s s i o n  l i n k  t o  E a r t h  having  a 
minimum b i t  r a t e  c a p a b i l i t y  o f  30 bps a t  a b i t  e r r o r  r a t e  o f  
5 
P r o v i d e  a r e c e i v i n g  c a p a b i l i t y  f o r  E a r t h - o r i g i n a t e d  commands 
and d e l i v e r  a composi te  sync and d a t a  s i g n a l  t o  t h e  command sub-  
s y s t e m ,  
P rov ide  a t r a n s m i t t e r  f requency  t h a t  i s  c o h e r e n t  wi th  t h e  r e -  
ce ived  f requency .  























































The r e l a y  t r a n s m i t t e r  and an tenna  a r e  i d e n t i c a l  t o  t h e  ones  
used f o r  t h e  o r b i t e r - s u p p o r t e d  mis s ion  d e s c r i b e d  i n  the p r e v i o u s  
s e c t i o n .  Both t h e  r e l a y  t r a n s m i t t e r  and an tenna  a r e  s e p a r a t e d  
from t h e  BVS when t h e  deployment phase i s  completed t o  r e d u c e  the 
f l o a t e d  weight  o f  the s t a t i o n .  
The S-band r e c e i v e r  i s  a narrow band, doub le  s u p e r h e t e r o d y n e  
u n i t  w i t h  automatic  phase c o n t r o l  (APC) and au tomat i c  f r e q u e n c y  
s e a r c h  and a c q u i s i t i o n  f e a t u r e s .  When t h e  APC loop  i s  locked  t o  
t h e  s i g n a l  t r a n s m i t t e d  from E a r t h  t h e  r e c e i v e r  c o n t r o l s  t h e  phase  
and frequency of  t h e  S-band c a r r i e r  b e i n g  t r a n s m i t t e d  t o  E a r t h  
and a l s o  demodulates t h e  command s i g n a l .  A c o r r e l a t i o n  d e t e c t o r  
i n  t h e  r e c e i v e r  d e t e c t s  l o c k  loop  ( s i g n a l  a c q u i s i t i o n ) ,  c a l i b r a t e s  
t h e  s i g n a l  s t r e n g t h ,  and p r o v i d e s  au tomat i c  g a i n  c o n t r o l  (AGC) , 
The l o c k  l o o p  s i g n a l  c a u s e s  t h e  e x c i t e r  d r i v e  t o  be  d e r i v e d  from 
t h e  r e c e i v e r ' s  V C O .  T h i s  f e a t u r e  p rov ides  a two-way c o h e r e n t  
d o p p l e r  c a p a b i l i t y ,  When t h e  loop  i s  unlocked t h e  f r equency  i s  
d e r i v e d  from a f i x e d  c r y s t a l - c o n t r o l l e d  o s c i l l a t o r  i n  t h e  modula- 
t o r / e x c i t e r .  For turnaround r a n g i n g  a q u a d r a t u r e  d e t e c t o r  d e t e c t s  
the wide band r a n g i n g  s i g n a l  r e c e i v e d  from E a r t h ,  and upon com- 
mand t h e  s i g n a l  i s  used t o  modulate  the r e t u r n  l i n k .  
Rece ive r  c h a r a c t e r i s t i c s  a r e  shown i n  t a b l e  40 .  Performance 
i s  e s s e n t i a l l y  t h a t  of t h e  Mar ine r  1969 u n i t  w i t h  a f r equency  
s e a r c h  mode added. The APC bandwidth i s  i n c r e a s e d  from t h e  20 Hz 
of  t h e  Mariner u n i t  t o  70 Hz t o  p r o v i d e  a s e a r c h  and a c q u i s i t i o n  
t i m e  of approximately 87 s e c  t o  l o c k  on to  t h e  command c a r r i e r .  
TABLE 4 0 . -  S-BAND RECEIVER CHARACTERISTICS 
Parameter  Va 1 ue  
Type . . . . . . . . . . . . . . .  Double supe rhe te rodyne  w i t h  APC 
and frequency a c q u i s i t i o n  sweep 
Frequency . . . . . . . . . . . .  2115 2 5 MHz 
Noi se  f i g u r e  . . . . . . . . . . .  8 dB 
. . . . . .  I C a r r i e r  t r a c k i n g  loop 2 BLO = 70 Hz, S / N  = 6 dB 
P r e d e t e c t i o n  bandwidth . . . . . .  4 . 5  kc 
Dynamic range . . . . . . . . . .  -150 t o  -70 dBm 
Weight . . . . . . . . . . . . . .  5 l b  
Power . . . . . . . . . . . . . .  2 . 5  W 
S i z e  . . . . . . . . . . . . .  . ? .  150 cu i n .  
O t h e r s  . . . . . . . . . . . . . .  Ranging channe l  
13 5 
A m o d u l a t o r / e x c i t e r  having  c h a r a c t e r i s t i c s  shown i n  t a b l e  41 
The o u t p u t  
i s  phase  modulated by a s i n g l e  squa re  wave s u b c a r r i e r  t h a t  h a s  
been b i p h a s e  modulated by 30 bps PCM t e l e m e t r y  d a t a .  
i s  used t o  d r i v e  a 20 W t r a v e l i n g  wave t u b e  (TWT) power a m p l i f i e r .  
The power a m p l i f i e r  and i n t e g r a l  power supp ly  c h a r a c t e r i s t i c s  a r e  
shown i n  t a b l e  4 2 .  They a r e  based on Mar iner  1969 per formance .  
Some improvement i n  e f f i c i e n c y  can  be  expec ted  f o r  models t o  be 
u s e d  f o r  a 1972 m i s s i o n  b u t  t h e  t a b l e  i s  r e p r e s e n t a t i v e  of  mini -  
mum performance a n t i c i p a t e d ,  
TABLE 41.- MODULATOR/EXCITER CHARACTERISTICS 
I Parameter  Value 
Frequency . . . . . . . . . . .  2295 f 5 MHz 
Phase  s t a b i l i t y  . . . . . . . .  6" peak,  a u x i l i a r y  mode 
Power o u t p u t  . . . . . . . . .  60 MW 
12" peak,  c o h e r e n t  mode 
Frequency s t a b i l i t y  
Shor t  t e rm . . . . . . . . .  I O m 7  (20 min) 
Long te rm . . . . . . . . . .  (12 h r )  A u x i l i a r y  mode 
Modulat ion bandwidth , . , , . 1.8 MHz 
Peak modulat ion . . . . . . . .  f 2  rad  
Modulat ion s e n s i t i v i t y  . . . .  1 rad  2 5% p e r  V peak 
RF i n p u t  impedance . . . . . .  50 ohms VSWR less  t h a n  1.2:1 
RF o u t p u t  impedance . , , , . . 50 ohms VSWR l e s s  t h a n  1 . 4 : l  
Power . . . . . . . . . . . . .  2 W 
Weight . . . . . . . . . . . .  3 .O l b  
S i z e  . . . . . . . . . . . . .  90 cu i n .  
A d i p l e x e r  i s  r e q u i r e d  t o  p e r m i t  s h a r i n g  o f  a common t r a n s m i t /  
r e c e i v e r  a n t e n n a ,  I s o l a t i o n  o f  80 d B  i s  p rov ided .  O the r  cha rac -  
t e r i s t i c s  a r e  shown i n  t a b l e  43 .  
A t y p i c a l  S-band an tenna  f o r  t h e  d i r e c t  l i n k  i s  a c a v i t y -  
backed,  c r o s s e d - s l o t  t ype  w i t h  a h e l i c a l  feed  and a ha l fpower  
beamwidth of  130" ( r e f .  7 ) .  A s k e t c h  and l i s t  o f  c h a r a c t e r i s t i c s  
a r e  shown i n  f i g u r e  53 .  
A summary l i s t  of  BVS r a d i o  subsystem equipment w i t h  e s t i m a t e s  
o f  s i z e ,  we igh t ,  power, and development s t a t u s  i s  shown i n  t a b l e  
4 4 .  
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TABLE 4 2 . -  POWER AMPLIFIER AND POWER SUPPLY CHARACTERISTICS 
Parameter  Value 
T y p e . .  . . . . . . . . . . .  
Frequency . . . . . . . . . .  
Power o u t p u t  . . . . . . . . .  
RF g a i n  s a t u r a t i o n  , . , , , . 
Noise  f i g u r e  . . . . . . . . .  
RF impedance . . . . . . . . .  
VSWR . . . . . . . . . . . . .  
Turn  on  t i m e  . . . . . . . . .  
Spur ious  o u t p u t  . . . . . . .  
Harmonics . . . . . . . . . .  
Weight . . . . . . . . . . . .  
Power . . . . . . . . . . . .  
S i z e .  . . . . . . . . . . . .  
TWT 
2295 +_ 5.MHz 
20 w 
3 5  dB 
35  dB 
50 ohms 
1 . 2 :  1 maximum 
90 sec 
Less t h a n  -80 dBm i n  any  1 Hz 
band i n  t h e  2110 t o  2120 MHz 
r a n g e  
60 dB below unmodulated c a r r i e r  
7 . 8  l b  
84 W 
200 c u  i n .  
TABLE 4 3 .  - DIPLEXER CHARACTERISTICS 
Value I Parameter  
Frequency 
Transmi t  . . . . . . . . . .  
Rece ive r  . . . . . . . . . .  
Passband i n s e r t i o n  l o s s  . . .  
Impedance . . . . . . . . . .  
Passband VSWR . . . . . . . .  
I s o l  a t  i o n  . . . . . . . . . .  
Power h a n d l i n g  c a p a b i l i t y  . . 
Weight . . . . . . . . . . . .  
2295 k 5 MHz 
2115 2 5 MHz 
0 .36  d B  maximum, t r a n s m i t  and 
r e c e i v e  
50 ohms 
1 . 2 :  1 maximum 
80 dB minimum ( b o t h  f r e q u e n c i e s )  
100 w 
0 . 5  l b  
13 7 
Degrees of f  axis 
50 -ohm/' t r ans fo rmer  
i n p u t  
I Parameter Value I 
Peak g a i n  . . . . . . . .  5 f 0.5 dB 
Half power beamwidth. . .  130' 
P o l a r i z a t i o n  . . . . . .  RH c i r c u l a r  
VSWR. . . . . . . . . . .  1.2:1 
Ax ia l  r a t i o  . . , , . . , 1.5 dB, on-axis  
Weight . . . . . . . . .  0.6 l b  
S i z e  . , . . , , . , , , 4 i n .  h igh  x 4 i n ,  diam 
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Other  u n i t s  hav ing  r a d i o  subsystems,  such a s  t h e  subson ic  
probe and r a d i o  d r o p  sondes ,  a r e  cons ide red  t o  be s c i e n c e  e x p e r i -  
ments and a r e  i d e n t i c a l  t o  t h o s e  used f o r  the o r b i t e r  suppor t ed  
BVS. They w i l l  n o t  b e  d e s c r i b e d  here.  
The performance o f  t h e  BVS r e l a y  l i n k  and t h e  subson ic  p robe  
r e l a y  l i n k ,  t h e  l a t t e r  o f  which i s  a c t i v a t e d  a f t e r  s e p a r a t i o n  o f  
t h e  BVS from t h e  e n t r y  v e h i c l e ,  a r e  i d e n t i c a l ,  a s  d i s c u s s e d  l a t e r .  
Re lay  communication l i n k  geometry: A summary o f  t h e  BVS- 
s p a c e c r a f t  communications geometry i s  shown i n  f i g u r e s  5 4  t h r u  5 6 .  
V a r i a t i o n s  i n  BVS an tenna  a s p e c t  a n g l e ,  
a s p e c t  a n g l e ,  %, and communication r a n g e ,  a r e  shown f o r  lead 
times o f  4 0 ,  4 5 ,  and 50 minu tes .  The a n g l e  conven t ion  i s  shown 
i n  f i g u r e  5 7 .  
s p a c e c r a f t  a n t e n n a  
aP 
An e n t r y  f l i g h t  p a t h  a n g l e ,  yE ,  o f  -30° ,  t a r g e t i n g  param- 
e t e r ,  B ,  o f  4 3 . 5 " ,  and a s p a c e c r a f t  l e a d  time o f  45 minutes  were 
s e l e c t e d  f o r  t h e  nominal e n t r y  c o n d i t i o n s .  S e l e c t i o n  o f  these en- 
t r y  c o n d i t i o n s  r e s u l t e d  from p a r a m e t r i c  s t u d i e s  performed t o  o p t i -  
mize e n t r y  pa rame te r s  such a s  d e o r b i t  v e l o c i t y ,  c o a s t  t ime from 
s p a c e c r a f t  s e p a r a t i o n  t o  BVS e n t r y ,  a n g l e  o f  a t t a c k  c o n s i d e r a t i o n s ,  
e t c .  These nominal e n t r y  c o n d i t i o n s  p r o v i d e  a t  l e a s t  55 minu tes  
minimum view t i m e .  T h i s  i s  t h e  e s t i m a t e d  d e s c e n t  time from sub- 
s o n i c  probe deployment t o  impac t .  
Minimum communication r ange  and nominal s p a c e c r a f t  a n t e n n a  
a s p e c t  a n g l e s  occur  n e a r  e n t r y ,  e x h i b i t i n g  l i t t l e  change u n t i l  
a f t e r  BVS/entry v e h i c l e  o p e r a t i o n .  The BVS an tenna  a s p e c t  a n g l e  
e x p e r i e n c e s  i t s  maximum change d u r i n g  t h i s  p e r i o d ,  r e s u l t i n g  i n  
i n c r e a s e d  BVS an tenna  p o i n t i n g  l o s s .  The i n c r e a s e d  p o i n t i n g  l o s s  
coupled w i t h  n e a r  maximum communications r ange  r e s u l t s  i n  a w o r s t -  
c a s e  system performance margin o c c u r r i n g  n e a r  BVS/entry v e h i c l e  
s e p a r a t i o n ,  
V a r i a t i o n s  i n  t h e  s p a c e c r a f t  an t enna  a s p e c t  a n g l e  e s t a b l i s h  
t h e  r e q u i r e d  s p a c e c r a f t  an t enna  beamwidth. F i g u r e s  55 and 5 8  show 
t h e  a s p e c t  a n g l e  v a r i a t i o n s  and t h e  assumed s p a c e c r a f t  an t enna  
beamwidth, r e s p e c t i v e l y .  A f i x e d  s p a c e c r a f t  an t enna  b o r e s i g h t  
was s e l e c t e d  t o  p rov ide  adequa te  coverage f o r  s p a c e c r a f t  l e a d  
t imes o f  40 t o  50 m i n u t e s ,  These l e a d  t i m e s  p r o v i d e  view t i m e s  
of 3 6 . 6  t o  4 6 . 6  minu tes ,  r e s p e c t i v e l y ,  The s e l e c t i o n  of  a space -  
c r a f t  an t enna  b o r e s i g h t  f o r  a s p e c i f i c  l e a d  t i m e  would r e s u l t  i n  
improved margins a t  BVS e n t r y .  
140 
0 0 0 0 0 0 
N hl 4 u3 03 
I 
0 0 0 0 
0 03 u3 4 
?-I 




























































0 m % I 
0 0 0 
0 03 0 
0 0 0 0 0 0 
+ 2 +" I Y I I rl N 0 
zap  c 2 %  
I 
I I I I I I I I I 1 
0 0 0 0 0 0 0 0 0 
0 03 \o * nl rl N m 
rl 
8 a p  c %  'a-[zue JDadse euuaJug 
0 
























5 ) f  
+I 
o c  
O a J  
O N  
O a J  
Z E  .rl 
i3 








































o u  o a  
o m  
nl 
h 
O b  
O L I  
a J G  
4 Q J  
n 
g :  
\ o b  
r l w  
O E  
a 




































































0 30 60 90 
-4 
Aspec t  a n g l e ,  o , deg 
B 
F i g u r e  58.-  S p a c e c r a f t  and BVS/Subsonic Probe Re lay  
L i n k  Antennas ( C i r c u l a r  P o l a r i z a t i o n  
P a t t e r n )  
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Relay  l i n k  performance: The sys tem performance was e v a l u a t e d  
f o r  t h e  two extreme atmosphere models .  The o n l y  s i g n i f i c a n t  e f -  
f e c t  no ted  on t h e  r e l a y  l i n k  performance was t h e  d i f f e r e n c e  i n  
t i m e  from BVS e n t r y  t o  deployment and from probe r e l e a s e  t o  i m -  
p a c t ,  a s  no ted  i n  t h e  f l i g h t  mechanics s e c t i o n .  The geometry was 
e s s e n t i a l l y  t h e  same f o r  b o t h  atmosphere models,  r e s u l t i n g  i n  com- 
p a r a b l e  sys tem per formance ,  
The sys tem performance margin w i l l  v a r y  w i t h  s p a c e c r a f t  l e a d  
t i m e  a s  shown i n  f i g u r e  59 .  The performance margin shown was d e -  
r ived f o r  t h e  nominal e n t r y  c o n d i t i o n s  n o t e d .  An improvement i n  
performance margin,  from t h a t  shown a t  e n t r y ,  w i l l  occu r  f o r  t h e  
20-minute  t i m e  per iod  b e f o r e  e n t r y ,  s i n c e  t h e  communication range  
w i l l  b e  s h o r t e r  and comparable an tenna  a s p e c t  a n g l e s  w i l l  e x i s t .  
The sample d e s i g n  c o n t r o l  t a b l e  ( . t a b l e  45) shows performance mar- 
g i n  c a l c u l a t i o n s  f o r  p o i n t  A on f i g u r e  59 .  
The BVS and subson ic  probe r e l a y  communication systems a r e  
i d e n t i c a l  from t h e  s t a n d p o i n t  o f  e f f e c t i v e  r a d i a t e d  power, i n f o r -  
mat ion b i t  r a t e ,  and modula t ion ,  T h e r e f o r e ,  a s i n g l e  p r o f i l e  can 
b e  used t o  r e p r e s e n t  t h e  performance o f  b o t h  sys t ems .  A s  f o r  t h e  
o r b i t a l  mi s s ion ,  t h e  f a c t  t h a t  t h e  BVS w i l l  f l c a t  a t  approximate ly  
58 km a l t i t u d e ,  wh i l e  t h e  subson ic  probe descends  t o  t h e  s u r f a c e ,  
w i l l  n o t  a f f e c t  t h e  geometry s i g n i f i c a n t l y  because  t h e  communica- 
t i o n  r ange  t o  t h e  s p a c e c r a f t  i s  much g r e a t e r  t h a n  t h e  d i f f e r e n c e  
between t h e  BVS and subsonic  probe a l t i t u d e s .  
The f a d i n g  margin r e q u i r e d  t o  overcome t h e  slow f a d i n g  env i ron -  
ment i s  shown on t h e  performance margin p r o f i l e s  of f i g u r e  5 9 .  
Methods used i n  de t e rmin ing  f a d i n g  margins  a r e  the.’same a s  f o r  
t h e  BVS m i s s i o n ,  
A 20-sec  communication b l ackou t  per iod  i s  expected t o  occur  
approximate ly  5 sec  a f t e r  BVS e n t r y .  Data c o l l e c t e d  du r ing  t h e  
b l a c k o u t  pe r iod  w i l l  be recovered  through d e l a y  t r a n s m i s s i o n  t e c h -  
n iques  i n  t h e  BVS te lecommunicat ions,  subsys tem,  
C o n s t r a i n t s  imposed on t h e  communication sys tem and t h e i r  e f -  
f e c t  on system performance a r e  shown i n  f i g u r e  60 .  The t a r g e t i n g  
pa rame te r ,  p ,  i s  c o n s t r a i n e d  t o  upper and lower l i m i t s  by maxi- 
mum f l i g h t  p a t h  a n g l e  and a 20° e l e v a t i o n  mask, r e s p e c t i v e l y .  
The s p a c e c r a f t  l e a d  time i s  c o n s t r a i n e d  on t h e  l e f t  by t h e  r e -  
qu i r ed  35-minute  view t ime and on t h e  r i g h t  by sys tem performance 
(communication r a n g e ) ,  
r e q u i r e  t h a t  t h e  e n t r y  parameters  be  s e l e c t e d  from w i t h i n  t h e  
c o n s t r a i n t  l i n e s .  
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Figure 60.- Constraints of the Relay Communications Link 
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The sys tem performance c o n s t r a i n t  was d e r i v e d  f o r  c o n d i t i o n s  
which ex is t  a t  t h e  lowes t  system margin p o i n t  i n  t h e  d e o r b i t  t r a -  
j e c t o r y  ( n e a r  BVS/entry v e h i c l e  s e p a r a t i o n ) .  The 0 d B  c o n s t r a i n t  
l i n e  i s  a s s o c i a t e d  w i t h  a communication r a n g e  and antenna a s p e c t  
a n g l e s  t h a t  r e s u l t  i n  a system performance margin equal  t o  the 
system a d v e r s e  t o l e r a n c e  ( i n c l u d i n g  f a d i n g  a l l o w a n c e ) .  
approximate ly  p a r a l l e l  t o  t h e  0 d B  c o n s t r a i n t  l i n e  r e p r e s e n t  t hose  
e n t r y  c o n d i t i o n s  t h a t  r e s u l t  i n  a w o r s t - c a s e  performance margin 
of  +1 d B  t o  +6 dB above t h e  adve r se  t o l e r a n c e  l e v e l .  The wors t -  
c a s e  system performance margin i s  a f u n c t i o n  o f  t h e  BVS an tenna  
a s p e c t  a n g l e  and t h e  communication r ange  i f  t h e  s p a c e c r a f t  an tenna  
i s  b o r e s i g h t e d  t o  p rov ide  a c o n s t a n t  a n g l e  t o  t h e  B V S ,  a t  e n t r y ,  
over  t h e  r ange  o f  f l i g h t  p a t h  a n g l e s  c o n s i d e r e d .  The c o n s t a n t  
margin l i n e s  were developed by de te rmin ing  e n t r y  c o n d i t i o n s  t h a t  
r e s u l t  i n  c o n s t a n t  BVS an tenna  a s p e c t  a n g l e s  and communication 
range  a t  t h e  w o r s t - c a s e  performance margin p o i n t .  En t ry  cond i -  
t i o n s  t h a t  p rov ide  a minimum view t i m e  of  40 and 45 minutes  a r e  
i d e n t i f i e d  i n  f i g u r e  6 0 .  
The l i n e s  
S-band t e l e m e t r y  performance: Fol lowing  t h e  BVS deployment 
phase t h e  S-band sys tem i s  switched i n t o  o p e r a t i o n ,  When t h e  com- 
mand r e c e i v e r  comple tes  i t s  a c q u i s i t i o n  s e a r c h ,  and d e t e c t s  l o c k  
t o  t h e  c a r r i e r  be ing  t r a n s m i t t e d  from E a r t h ,  t h e  S-band t r a n s m i t -  
t e r  i s  a c t i v a t e d  and o p e r a t e s  a t  a f requency  t h a t  i s  cohe ren t  
w i t h  t h e  r e c e i v e d  f r equency .  
The Earth-to-BVS l i n k  a n a l y s i s  i s  g i v e n  i n  t h e  s e c t i o n  fo l low-  
i n g  t h a t  d i s c u s s e s  t h e  command subsystem. The BVS-to-Earth te lem-  
e t r y  l i n k  pa rame te r s  a r e  shown i n  t a b l e  4 6 .  Note t h a t  t h e  margin 
i s  adequate  f o r  t h e  c o n d i t i o n s  shown, because  i t  e q u a l s  o r  exceeds 
t h e  sum o f  t h e  a d v e r s e  t o l e r a n c e s .  
A r a n g e  o f  93 x lo6  km was chosen a s  maximum. T h i s  cor responds  
approximate ly  t o  t h e  range  from Venus t o  E a r t h  15 days a f t e r  s t a -  
t i o n  deployment ,  S i n c e  range  i n c r e a s e s  w i t h  t ime f o r  t h e  per iod  
o f  i n t e r e s t ,  t h i s  should r e p r e s e n t  t h e  wors t  c a s e .  
Antenna p o i n t i n g  l o s s  i s  shown a s  3 . 5  dB which r e p r e s e n t s  an 
an tenna  a s p e c t  a n g l e  t o  E a r t h  o f  70" (20"  above h o r i z o n t a l ) .  T h i s  
r e p r e s e n t s  ' the  d e s i r e d  l i m i t .  The i n i t i a l  a s p e c t  a n g l e  t o  E a r t h  
a t  s t a t i o n  deployment i s  46" from v e r t i c a l  w i t h  a p r e d i c t e d  wind 
d r i f t  t h a t  should reduce  t h e  ang le  ( improve t h e  e f f e c t i v e  ga in )  
a s  t h e  s t a t i o n  moves toward t h e  t e r m i n a t o r .  
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TABLE 4 6 . -  1972 TYPE I DIRECT L I N K  PERFORMANCE, TELECOMMUNICATION D E S I G N  
CONTROL TABLE 
Parameter  
T o t a l  t r a n s m i t t e r  power 
T r a n s m i t t i n g  c i r c u i t  l o s s  
T r a n s m i t t i n g  an tenna  g a i n  
T r a n s m i t t i n g  an tenna  p o i n t i n g  l o s s  
Space l o s s ,  F = 2295 MHz, pc = 93 x 
P o l a r i z a t i o n  l o s s ,  E = 6 d B ,  
Rece iv ing  antenna g a i n  
Rece iv ing  an tenna  p o i n t i n g  l o s s  
Rece iv ing  c i r c u i t  l o s s  
Net c i r c u i t  l o s s  
Rece ive r  n o i s e  s p e c t r a l  d e n s i t y ,  
T system = 45 10°K 
C a r r i e r  modulat ion l o s s  
l o 6  km (0 .62  A .U .) 
DSIF E = 0 . 8  d B  
Received c a r r i e r  power 
C a r r i e r  APC n o i s e  BW, 
2 BLO = 1 2  Hz 
C a r r i e r  performance - t e l e m e t r y  
Threshold  SNR i n  2 B 
Threshold  c a r r i e r  power 
Performance margin 
LO 
Data channel  
Modula t ion  l o s s  
Received d a t a  s u b c a r r i e r  power 
B i t  r a t e  (1/T = 30 bps) 
Required ST / N I B  
Thresho ld  s u b c a r r  i e r  power 
Performance margin 
Va 1 ue 
+43 .O dBm 
4-5.0 d B  
-1.0 dB 
-3 , 5  dB 
-258.3 dB 
-0 .6  dB 
+61.0 dB 





-160 .9  dBm 
+10.8 d B  
+6.0 dB 
-165.3 dB 
+4.4 d B  
-1 .25 dB 
-156.1 dBm 
+14.8 dB 
+6 .8  dB 
-160.5 dBm 
+4.4 dB 
To le rance  - 
t 
1 .o 
0 . 5  
0 . 5  
3 . 5  
- 
--- 
- - -  
1 .o 
0 . 3  
0.1 
5 .9  
1.1 
0 . 4  
7 . 3  
0 . 5  
0 . 5  
2 . 1  
9 . 4  
0 . 4  
7 . 3  
1 .o 
2 . 1  
9 . 4  




0 . 5  
0 . 5  
0 .o 
.--- 




2 . 1  
0 .9  
0 . 4  
2 . 5  
0 .o 
1 .o 
1 . 9  
4 . 4  
0 . 4  
2 . 5  
1 .o 
1 . 9  
4 . 4  
- - - -  
Notes  





E s  t ima t e 
EPD-283 
8 = 1 . 0 5  r ad  
- + 5% 
MC-4-310A 
MC-4-3 10A 
8 = 1 . 0 5  r a d  
- + 5% 
b 
e 
P = 5 1 0 - ~  
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Radio subsystem mechan iza t ion  o p t i o n s :  S e v e r a l  o p t i o n s  were 
c o n s i d e r e d  i n  choosing t h e  t y p e  o f  modulat ion f o r  t h e  BVS-to- 
E a r t h  t e l e m e t r y  l i n k .  I n  a d d i t i o n  t o  t h e  b a s e l i n e  system d e s c r i b e d  
above ( a  s i n g l e  b i p h a s e  modulated squa re  wave s u b c a r r i e r  phase  
modulat ing a c a r r i e r )  'iwo a l t e r n a t i v e  approaches  were c o n s i d e r e d  
- -  u s e  o f  b l o c k  coding o r  u s e  o f  noncoherent  M'ary f r equency  s h i f t  
key .  
The use  o f  b l o c k  coding such a s  a ( 3 2 ,  6) comma f r e e ,  b i o r t h o -  
gonal  code c a n  n e a r l y  doub le  t h e  d a t a  r a t e  f o r  the same t r a n s m i t -  
t e r  power. Although t h i s  i s  a p e r f e c t l y  f e a s i b l e  approach i t  i s  
b e i n g  r e s e r v e d  f o r  a growth c a p a b i l i t y ,  s i n c e  u s e  o f  cod ing  r e -  
q u i r e s  t h e  d e s i g n  and manufacture  o f  t e r m i n a l  equipment a s  w e l l  
a s  t h e  p l a n n i n g  f o r  and i n s t a l l a t i o n  o f  the equipment a t  t h e  NASA 
deep s p a c e  n e t  s t a t i o n s .  The c o s t  may n o t  be  war ran ted  f o r  t h i s  
a p p l i c a t i o n .  
The M'ary FSK approach f o r  t h e  b a s e l i n e  t r a n s m i t t e r  power and 
o t h e r  l i n k  pa rame te r s  i s  n o t  c o m p e t i t i v e  s i n c e  t h e  c r o s s o v e r  p o i n t  
on t r a n s m i t t e r  power o c c u r s  n e a r  a b i t  r a t e  o f  5 bps ( t h e  MFSK be-  
g i n s  t o  e x c e l  a t  t h e  lower r a t e s ) .  A f u r t h e r  d i s a d v a n t a g e  o f  i n -  
c o h e r e n t  MFSK i s  t h e  c o m p l i c a t i o n s  i n  o b t a i n i n g  two-way d o p p l e r  
and r a n g i n g  i n  t h e  s t a n d a r d  manner used by NASA i n  t h e i r  Deep 
Space N e t  o p e r a t i o n s .  A comparison of 5 - b i t  i n c o h e r e n t  MFSK, 
PCM/PSK/PM, and coded PCM/PSK/PM i s  g i v e n  i n  f i g u r e  6 1 .  
were t aken  from r e f e r e n c e  8 and modified f o r  t h e  c o n d i t i o n s  f o r  
t h i s  m i s s i o n .  
The d a t a  
Another  o p t i o n  i s  t o  e l i m i n a t e  t h e  f r equency  s e a r c h  and a c q u i -  
s i t i o n  mode f o r  t h e  BVS r e c e i v e r ;  however, e l i m i n a t i o n  o f  t h i s  
f e a t u r e  would be  expens ive  i n  e l e c t r i c a l  ene rgy  wasted by t h e  BVS 
t r a n s m i t t e r  d u r i n g  a c q u i s i t i o n  o p e r a t i o n s  by t h e  Deep Space N e t .  
A comparison o f  a c q u i s i t i o n  methods f o l l o w .  For  t h e  nonsea rch  
BVS r e c e i v e r  c a s e  t h e  Earth-based t r a n s m i t t e r  must be s w e p t  i n  
f r equency  u n t i l  t h e  BVS r e c e i v e r  APC l o o p  f r equency  p u l l - i n  r a n g e  
i s  e n c o u n t e r e d .  Locking t o  t h e  E a r t h - t r a n s m i t t e d  f r equency  c a u s e s  
t h e  BVS t r a n s m i t t e r  t o  be a c t i v a t e d .  But how does t h e  Deep Space 
N e t  o p e r a t o r  know when t h e  BVS r e c e i v e r  f r equency  i s  found? H e  
must d e t e c t  t h e  BVS t r a n s m i t t e d  s i g n a l .  T h i s  means t h a t  (assum- 
i n g  he d e t e c t s  a s i g n a l  from t h e  BVS) t h e  s i g n a l  he r e c e i v e s  c o r -  
r e sponds  t o  f r equency  t r a n s l a t i o n  of  t h e  Ea r th -based  t r a n s m i t t e r  
f r equency  (modif ied by d o p p l e r ) ,  which was b e i n g  used a p p r o x i -  
mately 10 minutes  b e f o r e  d e t e c t i o n  o f  the s i g n a l  ( t h e  round t r i p  
d e l a y  t i m e ) .  One approach i s  t o  t h e n  e s t i m a t e  t h e  f r equency ,  r e -  
t u r n  t o  t h a t  r e g i o n  and w a i t  a n o t h e r  10 minutes  f o r  c o n f i r m a t i o n ,  
Under t h e s e  c o n d i t i o n s  i t  i s  n o t  hard t o  p r e d i c t  a BVS t r a n s m i t t e r  
on - t ime  o f  20 minutes  o r  more b e f o r e  t h e  Deep Space Net can a c -  
q u i r e  two-way c a r r i e r  l o c k  and beg in  demodulat ing d a t a .  
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i o 4  
2 .  2 1 0 - f t  DSIF r e c e i v i n g  s i t e .  
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F i g u r e  61.-  B i t  R a t e  v e r s u s  E f f e c t i v e  Rad ia t ed  Power 
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On t h e  o t h e r  hand i f  t h e  BVS r ’ ece ive r  has  a s e a r c h  mode, t h e  
DSN t r a n s m i t t e r  f requency  can be  s e t  t o  w i t h i n  t h e  known s e a r c h  
r ange  o f  t h e  BVS r e c e i v e r .  Lock-on t ime f o r  t h e  BVS r e c e i v e r  i s  
approximate ly  87 s e c  a f t e r  t h e  s i g n a l  r e a c h e s  t h e  v i c i n i t y  of  
Venus assuming a maximum sweep r a t e  o f  490 H z / s e c .  Fi.ve minutes  
l a t e r  t h e  BVS s i g n a l  r e a c h e s  E a r t h  and w i t h i n  a few seconds (pos -  
s i b l y  30) two-way c a r r i e r  l o c k  i s  e s t a b l i s h e d .  
The r a p i d  lock-on t o  t h e  BVS s i g n a l  o c c u r s  s i n c e  t h e  t r a n s -  
l a t e d  f requency  o f  t h e  r ece ived  s i g n a l  should be  known t o  w i t h i n  
a few hundred dopp le r  c y c l e s .  
Thus,  f o r  i n i t i a l  a c q u i s i t i o n  c o n t a c t  ( w i t h  a BVS r e c e i v e r  
s e a r c h  mode and two-way c o h e r e n t  o p e r a t i o n )  t h e  BVS t r a n s m i t t e r  
on-t ime consumed i n  c a r r i e r  a c q u i s i t i o n  i s  on ly  a few seconds .  
I t  t h e r e f o r e  appea r s  t h a t  t h e r e  i s  l i t t l e  c h o i c e  b u t  t o  i n c l u d e  
a s e a r c h  mode i n  t h e  BVS r e c e i v e r  t o  p reven t  e l e c t r i c a l  ene rgy  
from be ing  wasted d u r i n g  a c q u i s i t i o n  o p e r a t i o n s ,  
The use  of  a pos tdep loy  r e l a y  l i n k  through t h e  s p a c e c r a f t  t o  
E a r t h  was i n v e s t i g a t e d  f o r  communications w i t h  t h e  s p a c e c r a f t  f o r  
s e v e r a l  hour s  a s  t h e  o b j e c t i v e .  It was determined t h a t  t h e  cap-  
s u l e  e n t r y  p o i n t  must be  on t h e  s i d e  o p p o s i t e  t h e  p reencoun te r  
f l i g h t  p a t h .  T h i s  c o n d i t i o n  r e s u l t e d  i n  a need f o r  a c a p s u l e  a t -  
t i t u d e  r e o r i e n t a t i o n  subsystem. F u r t h e r ,  t h e  a v a i l a b l e  pos tde -  
p loy  communications t ime was o n l y  4 t o  5 h r  a t  10 bps ,  even w i t h  
a 20 W t r a n s m i t t e r  and use  o f  c o h e r e n t  PSK/PM/PM modula t ion .  The 
pos tdep loy  r e l a y  l i n k  was t h e r e f o r e  abandoned i n  f avor  of  t h e  
d i r e c t  l i n k  t o  E a r t h .  
Command subsystem.-  The BVS command subsystem i s  o p e r a t i v e  
o n l y  a f t e r  deployment of t h e  BVS h a s  been comple ted .  Commands 
a r e  r e c e i v e d  d i r e c t l y  from E a r t h  v i a  t h e  S-band r a d i o  subsys tem.  
Requirements:  BVS command subsystem requ i r emen t s  a r e  shown 
i n  t a b l e s  47 and a command l i s t  i s  shown i n  t a b l e  48. 
D e s c r i p t i o n :  The command subsystem i s  made up o f  a command 
d e t e c t o r  and a command decoder  w i t h  i n t e r f a c e s  a s  shown i n  t h e  
b l o c k  diagram, f i g u r e  6 2 .  
S i n c e  t h e  proposed o p e r a t i o n  o f  a t y p i c a l  command d e t e c t o r  
i s  i d e n t i c a l  t o  t h a t  of  t h e  Mar iner  1969 u n i t ,  t h e  b lock  d iagram 
( f i g .  63) and d e s c r i p t i o n  a r e  t aken  unchanged from r e f e r e n c e  9 .  
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TABLE 47 . - BVS COMMAND SUBSYSTEM REQUIREMENTS 
1 .  Accept a composi te  s i g n a l  from t h e  r a d i o  subsystem c o n t a i n -  
i n g  t h e  command word i n f o r m a t i o n  and s y n c h r o n i z a t i o n  informa-  
t i o n .  
Acqui re  phase coherence  w i t h  t h e  pseudorandom s y n c h r o n i z a t i o n  
s i g n a l  and e s t a b l i s h  a phase  r e f e r e n c e  s i g n a l  and b i t  synchro-  
n i z a t i o n  s i g n a l .  
2 .  
3 .  Demodulate t h e  command word in fo rma t ion  and r e c o n s t r u c t  t h e  
command word d a t a  b i t s .  
4 .  Decode t h e  command word d a t a  b i t s  and p r o v i d e  d i s c r e t e  momen- 
t a r y  s w i t c h  c l o s u r e s  t o  t h e  u s e r  subsystem. 
5 .  P rov ide  a c a p a b i l i t y  f o r  8 commands, 
6 .  B e  compat ib le  w i t h  t h e  NASA Deep  Space Net command s t a n d a r d s  
(Mariner  s y s t e m ) .  
TABLE 4 8 . -  BVS COMMAND LIST 
1. 
2 .  
3 .  
4 .  
5. 
6 .  
7 .  
8 .  
Release  drop  sonde ( a f t e r  f i x e d  d e l a y ) .  
Maximum t r a n s m i t t e r  on- t ime,  X m i n u t e s .  
Maximum t r a n s m i t t e r  on- t ime,  Y m i n u t e s .  
A c t i v a t e  r ang ing  c h a n n e l .  
D e a c t i v a t e  r ang ing  c h a n n e l ,  
Modify s c i e n c e  sampling i n t e r v a l .  
Reve r t  t o  normal s c i e n c e  sampling i n t e r v a l .  
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“3 .3 Command D e t e c t o r  
“ 3 . 3 . 1  A f u n c t i o n a l  b lock  d iagram of t h e  command d e t e c t o r  
i s  p r e s e n t e d  i n  f i g u r e  6 3 .  The d e t e c t o r  s h a l l  p rov ide  t h r e e  
s e p a r a t e  and main f u n c t i o n s  a s  f o l l o w s :  
“ a ,  Demodulate t h e  b i p h a s e  modulated s i n u s o i d a l  sub-  
c a r r i e r  from t h e  composi te  command s i g n a l  by means 
o f  t h e  d e t e c t o r  command word c h a n n e l .  
” b .  E s t a b l i s h  a phase r e f e r e n c e  s i g n a l  f o r  u se  i n  de-  
modulat ing t h e  s i n u s o i d a l  s u b c a r r i e r  and e s t a b l i s h  
b i t  s y n c h r o n i z a t i o n  by means o f  t h e  synchron iza -  
t i o n  c h a n n e l .  
“ c .  Gene ra t e  a d e t e c t o r  l o c k  s i g n a l  which i n d i c a t e s  
whether  o r  n o t  t h e  d e t e c t o r  i s  i n  l o c k  w i t h  t h e  
command Synchron iza t ion  s i g n a l ,  t o  be accomplished 
by t h e  d e t e c t o r  l o c k  c h a n n e l .  
“3 .3  .2 D e t e c t o r  Command Word Channel .  The d e t e c t o r  word 
channel  w i l l  s e l e c t  t h e  command word i n f o r m a t i o n  s i g n a l  ( b i -  
phase modulated s i n u s o i d a l  s u b c a r r i e r )  from t h e  composi te  
command s i g n a l  by means of a bandpass  f i l t e r  a t  t h e  s u b c a r -  
r i e r  f requency  ( f i g u r e  6 3 ) .  The s u b c a r r i e r  w i l l  t h e n  be phase  
c o h e r e n t l y  demodulated th rough  m u l t i p l i c a t i o n  o f  t h e  subca r -  
r i e r  by a phase  r e f e r e n c e  s i g n a l  from t h e  d e t e c t o r  sync chan-  
n e l  and th rough  f i l t e r i n g  o f  t h e  m u l t i p l i e d  s i g n a l s  by a 
matched RC f i l t e r .  The ou tpu t  o f  t h e  matched f i l t e r  i s  t h e n  
a p p l i e d  t o  a d e c i s i o n  c i r c u i t  and s t o r a g e  c i r c u i t  which re- 
c o n s t r u c t s  t h e  command word b i n a r y  d i g i t .  The recovered  com- 
mand word b i t s  a r e  t h e n  d i r e c t e d  t o  t h e  command decoder  f o r  
p r o c e s s i n g  and decoding .  
“3 .3 .3  D e t e c t o r  Sync Channel .  The d e t e c t o r  sync channel  
w i l l  s e p a r a t e  t h e  sync i n f o r m a t i o n  from t h e  i n p u t  composi te  
command s i g n a l  by a p rocess  o f  f i l t e r i n g  and m u l t i p l i c a t i o n .  
The sync  s i g n a l  i s  comprised of  PN @ 2 f  where PN i s  a pseudo- 
random b i n a r y  sequence and 2 f  i s  t h e  PN c l o c k  f r equency .  The 
sync  channel  c i r c u i t r y  w i l l  c o n s i s t  o f  a phase lock  loop  which 
w i l l  e s t a b l i s h  phase coherence  w i t h  t h e  incoming s i g n a l  by 
l o c k i n g  a v o l t a g e  c o n t r o l l e d  o s c i l l a t o r  t o  t h e  s u b c a r r i e r  
f r equency ,  and a PN g e n e r a t o r  and a s s o c i a t e d  l o g i c  c i r c u i t r y ,  
T h i s  s h a l l  g e n e r a t e  a pseudo-random b i n a r y  sequence i d e n t i c a l  
t o  t h a t  i nc luded  i n  t h e  ground t r a n s m i t t e d  command s i g n a l .  
When t h e  d e t e c t o r - g e n e r a t e d  PN sequence and t h e  g round- t r ans -  
m i t t e d  PN sequence a r e  e x a c t l y  c o i n c i d e n t ,  e s t a b l i s h e d  by a 
S ’  
S 
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c r o s s - c o r r e l a t i o n  p r o c e s s ,  t h e  d e t e c t o r  b i t  sync w i l l  b e  c o i n -  
c i d e n t  t o  the ground modulator b i t  sync and d e t e c t i o n  of t h e  
command d a t a  b i t s  w i l l  be p o s s i b l e .  The PN g e n e r a t o r  s h a l l  
be  clocked by t h e  2 f s  f r equency  w i t h  t h e  l e n g t h  o f  t h e  random 
b i n a r y  sequence e q u a l  t o  L ,  where L = 2 - 1 ( n  i s  a n  i n t e g e r ) .  
A b i t  sync p u l s e  w i l l  b e  d e r i v e d  from t h e  PN g e n e r a t o r  e v e r y  
complete  c y c l e  o f  t h e  PN sequence,  w i t h  t h e  t ime between b i t  
sync p u l s e s  (1 s e c )  b e i n g  t h e  d u r a t i o n  o f  t h e  command b i t s .  
n 
"3 .3 .4  D e t e c t o r  Lock Channel .  The d e t e c t o r  l o c k  s i g n a l  
s h a l l  be d e r i v e d  from t h e  sync s i g n a l  p o r t i o n  (PN @ 2 f s )  o f  
t h e  composi te  command s i g n a l  by a p rocess  of c o r r e l a t i o n  and 
f i l t e r i n g .  A v o l t a g e  w i l l  be  deve loped ,  a f t e r  c o r r e l a t i o n  
and f i l t e r i n g ,  which i s  p o s i t i v e  when t h e  d e t e c t o r  PN sequence 
i s  no t  c o i n c i d e n t  w i t h  t h e  ground PN sequence and n e g a t i v e  
when t h e y  a r e  c o i n c i d e n t .  T h i s  v o l t a g e  l e v e l  w i l l  t h e n  be 
a p p l i e d  t o  a matched f i l t e r  c i r c u i t  and d e c i s i o n  element which 
i n t e r p r e t  t h e  p o l a r i t y  and i n d i c a t e  t h e  l o c k  s t a t u s  of  t h e  
d e t e c t o r  ." 
A f u n c t i o n a l  b l o c k  diagram of t h e  command decoder  i s  shown i n  
f i g u r e  6 4 .  
p r o c e s s i n g ,  decod ing ,  and command word o u t p u t  e x e c u t i o n .  
The main f u n c t i o n s  of  t h e  decoder  a r e  command word 
Only d i r e c t  commands a r e  p r o c e s s e d .  The command word c o n s i s t s  
o f  26 b i t s  t o  conform t o  t h e  Mar ine r  s t a n d a r d .  The f i r s t  t h r e e  
b i t s  a r e  f i x e d  and p r o v i d e  command decoder  s t a r t .  The n e x t  6 b i t s  
a r e  f i x e d  and i n d i c a t e  a d i r e c t  command ( i f  p r o p e r l y  coded) w i t h  
a n  even number o f  "one" b i t s .  The f o l l o w i n g  10  b i t s  a r e  a l l  ze ro  
and t h e  l a s t  7 b i t s  a r e  t h e  u s e r  a d d r e s s ,  which must c o n t a i n  a n  
even number o f  ' 'one'' b i t s .  
When t h e  p rope r  word s t a r t  codg i s  recognized t h e  decode r  w i l l  
examine t h e  n e x t  6 b i t s  t o  see i f  a d i r e c t  command h a s  been s e n t .  
I f  t h e s e  a r e  coded p r o p e r l y  i t  w i l l  examine t h e  l a s t  7 b i t s  t o  
d e t e r m i n e  t h e  c o r r e c t  a d d r e s s  and i n i t i a t e  a momentary c l o s u r e  
o f  t h e  p r o p e r  o u t p u t  s w i t c h .  
When t h e  d e t e c t o r  l o c k  s i g n a l  i n d i c a t e s  a d e t e c t o r  o u t - o f - l o c k  
c o n d i t i o n ,  t h e  decoder  i s  i n h i b i t e d  u n t i l  26 c o n s e c u t i v e  z e r o s  
have been r e c e i v e d .  T h i s  p r e v e n t s  o p e r a t i o n  of t h e  decoder  w h i l e  
t h e  command d e t e c t o r ' s  s u b c a r r i e r  and sync channe l s  a r e  no t  syn-  
c h r o n i z e d .  
T a b l e  49 e s t i m a t e s  s i z e ,  w e i g h t ,  and power r equ i r emen t s  f o r  










TABLE 4 9 . -  BVS COMMAND SUBSYSTEM S I Z E ,  WEIGHT, AND POWER 
Component 
Command d e t e c -  
t o r  
Command decod- 
e r  
Weight ,  
l b  Power , W 
1 . 5  
6 
S i z e ,  
c u  i n .  
40 
60 
Development s t a t u s  
Same c i r c u i t  d e s i g n  a s  
Mar iner  1969 
Uses Mar iner  1969 word 
format  b u t  o n l y  d i r e c t  
command p o r t i o n  o f  c i r -  
c u i t r y .  
Performance:  The command d e t e c t o r  t h r e s h o l d  i s  d e f i n e d  a s  
t h e  v a l u e  o f  command s i g n a l  power- to-noise  r a t i o  t h a t  c a u s e s  a 
command word b i t  e r r o r  r a t e  o f  l e s s  t h a n  o r  equal  t o  1 x er- 
r o r s  per  b i , t .  T a b l e  50 i s  a d e s i g n  c o n t r o l  t a b l e  showing l i n k  
parameters  f o r  c o n d i t i o n s  above t h r e s h o l d .  Note t h a t  a d e q u a t e  
margin i s  provided w i t h  u s e  o f  t h e  8 5 - f t  DSIF t r a n s m i t t i n g  an tenna  
and t h e  100 kw command t r a n s m i t t e r .  (The BVS-to-Earth l i n k  r e c e p -  
t i o n  r e q u i r e s  u s e  of  t h e  2 1 0 - f t  diam r e c e i v i n g  a n t e n n a . )  
A t  l e a s t  two b i t  e r r o r s  must occur  b e f o r e  o r  w i t h i n  a t r a n s -  
m i t t e d  command word b e f o r e  t h e  wrong command can  be e x e c u t e d .  
The maximum p r o b a b i l i t y  o f  an  i n c o r r e c t  command w o r d  b e i n g  exe-  
c u t e d  assuming t h r e s h o l d  c o n d i t i o n s  ( r e f .  9) i s :  
= 1 x 10-6 
ma x ‘WE 
Mechanizat ion o p t i o n s :  The b a s e l i n e  sys tem d e s c r i b e d  above 
conforms t o  t h e  NASA DSN s t a n d a r d  f o r  command sys tems and i f  used 
w i l l  r e q u i r e  no m o d i f i c a t i o n  t o  t h e  DSN. The command d e t e c t o r  
c i r c u i t r y  h a s  been developed and used on t h e  Mar iner  s p a c e c r a f t  
and a p p l i c a b l e  p o r t i o n s  o f  t h e  decoder  c i r c u i t r y  w i l l  soon b e  
used on Mariner  1969.  
No o t h e r  approach  h a s  been c o n s i d e r e d  due t o  t h e  s t a n d a r d i z a -  
t i o n  of  t h e  sys tem.  
BVS d a t a  subsystem.-  The BVS d a t a  subsystem f u n c t i o n a l  r e -  
qui rements  i n c l u d e  c o n t r o l l i n g  power t o  t h e  s c i e n c e  i n s t r u m e n t a -  
t i o n ,  p r o v i d i n g  t h e  sequencing  c o n t r o l  a s s o c i a t e d  w i t h  t h e  c o l -  
l e c t i o n ,  p r o c e s s i n g ,  and t r a n s m i s s i o n  o f  d a t a ,  a s  w e l l  a s  perform- 
i n g  t h e  commutation o f  d a t a ,  t h e  conve r s ion  o f  d a t a ,  g e n e r a t i o n  
o f  t i m e ,  g e n e r a t i o n  o f  d a t a  f o r m a t s ,  and t h e  s t o r a g e  and p l ayback  
o f  d a t a .  
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TABLE 50 .- COMMAND L I N K  DESIGN CONTROL TABLE 
Parameter  
T o t a l  t r a n s m i t t e r  power, 100 kw 
Transmi t  c i r c u i t  l o s s  
Transmi t  an tenna  g a i n  (85  f t )  
T r a n s n i t  an tenna  p o i n t i n g  l o s s  
Space l o s s ,  F = 2115 MHz, p 
P o l a r i z a t i o n  l o s s  
Rece iv ing  an tenna  g a i n  
Rece iv ing  antenna p o i n t i n g  l o s s  
Rece iv ing  c i r c u i t  l o s s  
Net c i r c u i t  l o s s  
T o t a l  r e c e i v e d  power 
System n o i s e  s p e c t r a l  d e n s i t y ,  T = 4070°K 
C a r r i e r  modulat ion l o s s  
Received c a r r i e r  power 
C a r r i e r  APC n o i s e  BW, 2 B = 70 - 
2 BLO = 20 - 
= 93 x lo6 km 
C 
LO 
C a r r i e r  performance - command 
Threshold  SNR i n  2B 
Threshold  c a r r i e r  power ( f o r  2 BLO = 70 Hz) 
Performance margin f o r  2 B = 70 Hz 
Performance margin f o r  2 B = 20 Hz 
Data Channel 
Modulat ion l o s s  
Received s u b c a r r i e r  power 
PLL n o i s e  bandwidth (BW = 1 Hz) 
Threshold  SNR PE = 
Threshold  s u b c a r r i e r  power 
Net margin 
Sync channel  
Modulat ion l o s s  
Received s u b c a r r i e r  power 
Threshold  SNR 
Noise  bandwidth 2 BLO 






+80.0 d B m  
-0 .4  dB 
+51.5 d B  
-0 .3  dB 
-257.6 dB 
-0 .6  dB 
+5.0 d B  
-3 . 5  d B  
-1 .5  dB 
-207 .4  d B  
-127.4 dBm 
-162.5 dB 
-3 .2 dB 
-130.6 dBm 
+18.5 dB 




+10.9 d B  
-8.5 d B  
-135.9 dBm 
0 .0  d B  
+15.7 d B  
-146.8 dBm 
+10.9 d B  
-5 .5  d B  
-132.9 dBm 
+15.7 d B  
+3 .O d B  
-143 .8  dBm 
+10.9 dB 
T o l e r a n c e  
+ 
0 . 1  
0 . 8  
0 . 3  
0 . 6  
0 .o 
3 . 5  
0 . 2  
5 . 5  
5 . 5  
4 .O 
0 . 5  
6 .O 
0 . 5  
- - - -  
1 .o 
5 . 5  
11 .5  
11 .5  
0 . 5  
6 . 0  
1 . o  
5 .0  
11 .o 
- - - -  
0 . 7  
6 .2  
1 .o 
1 .o  
6 .0  
1 2 . 2  
- 
0 . 1  
0 . 8  
0 .o 
0 .o 
0 . 5  
1 . 5  
0 . 2  
3 . 1  
3.1 
0 .o 
0 . 6  
3 . 7  
0 . 4  
- - - -  
1 .o 
1 . 4  
5 . 1  
5 . 1  
0 . 5  
3 . 6  
1 .o  
1 . o  
5 . 6  
- - - -  
0 . 7  
3 . 8  
1 .o 
0 . 8  
1.8 
5 . 6  
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During t h e  p e r i o d  from 5 minutes  b e f o r e  s e p a r a t i o n  of  t h e  cap-  
s u l e  from t h e  s p a c e c r a f t  t o  s e p a r a t i o n  o f  t h e  BVS from t h e  a e r o -  
s h e l l ,  t h e  BVS d a t a  system must a c c e p t  a e r o s h e l l  s e n s o r  d a t a  i n -  
p u t s  from an a e r o s h e l l  m u l t i p l e x e r  a s  w e l l  a s  c o n t r o l  i t s  ope ra -  
t i o n .  Be fo re  t h i s  pe r iod  ( d u r i n g  i n t e r p l a n e t a r y  c r u i s e )  t h e  
a e r o s h e l l  d a t a  m u l t i p l e x e r  i s  under t h e  c o n t r o l  o f  t h e  s p a c e c r a f t  
subsystems.  
Fol lowing s t a t i o n  deployment t h e  subsystem must g e n e r a t e  and 
b i p h a s e  modulate t h e  d a t a  s u b c a r r i e r  f o r  t h e  S-band d i r e c t  l i n k  
t o  E a r t h .  
Tab le  51 l i s t s  t h e  e n g i n e e r i n g  and s c i e n c e  d a t a  r e q u i r e m e n t s  
f o r  t h e  BVS a s  w e l l  a s  t h e  r e q u i r e d  sampling r a t e .  The measure- 
ments a r e  grouped i n t o  fo rma t s  depending on t h e  t ime  pe r iod  t h e y  
a r e  r e q u i r e d .  
Tab le  52 l i s t s  t h e  d a t a  modes and t h e  p e r i o d s  of t i m e  t h e y  
a r e  used .  Requirements  f o r  d a t a  subsystem programer i n p u t s  and 
o u t p u t s  a r e  shown i n  Z a b l e  53. 
Subsystem d e s c r i p t i o n :  The d a t a  subsystem c o n s i s t s  o f  a d a t a  
m u l t i p l e x e r / e n c o d e r ,  memory, t r a n s d u c e r  power s u p p l y ,  and a d a t a  
subsystem s e q u e n c e r ,  a l l  l o c a t e d  i n  t h e  BVS. A remote m u l t i p l e x -  
er  and a t r a n s d u c e r  power supp ly  a r e  l o c a t e d  i n  t h e  a e r o s h e l l .  
A b l o c k  diagram o f  t h e  subsystem i s  shown i n  f i g u r e  65. A l l  s c i -  
ence and e n g i n e e r i n g  d a t a  a r e  processed t h r o u g h  t h i s  d a t a  subsys -  
tem. 
The d a t a  subsystem sequence r  (DSS),  a s  f o r  t h e  o r b i t a l  m i s s i o n ,  
p rov ides  a l l  t h e  t i m i n g  and power c o n t r o l  r e q u i r e d  on t h e  BVS f o r  
t h e  sequencing o f  e x p e r i m e n t s ,  d a t a  subsystem equipment ,  command, 
and r a d i o  equipment t o  c o l l e c t ,  p r o c e s s ,  s t o r e ,  and t r a n s m i t  d a t a .  
It a c c e p t s  c o n t r o l  s i g n a l s  from t h e  a e r o s h e l l  sequencer  and t h e  
BVS sequence r  b e f o r e  f u l l  BVS deployment.  Fol lowing t h i s  even t  
t h e  d a t a  subsystem sequence r  p rov ides  a l l  s t a t i o n  sequences u n t i l  
t h e  end o f  t h e  mis s ion .  . R e s e t  f o r  s c i e n c e  sampling s c h e d u l e s  oc -  
c u r s  when t h e  DSN makes i t s  scheduled c o n t a c t  w i t h  t h e  s t a t i o n .  
The d a t a  m u l t i p l e x e r / e n c o d e r  a c c e p t s  0 t o  40 MV and 0 t o  5 Vdc 
a n a l o g  s i g n a l s ,  b i l e v e l  and d i g i t a l  s i g n a l s ,  p r o v i d e s  a d i g i t a l  
s i g n a l  i n t e r f a c e  w i t h  t h e  memory, and p r o v i d e s  c o n t r o l  o f  t h e  
a e r o s h e l l  m u l t i p l e x e r .  A hybr id  l e v e l  s i g n a l  i n p u t  f o r  ana log  
s i g n a l s  i s  s e l e c t e d  t o  minimize t h e  s i g n a l  c o n d i t i o n i n g  and t h e  
t r a n s d u c e r  power r e q u i r e m e n t s .  The format  i s  g e n e r a t e d  by t h i s  
u n i t  f o r  t h o s e  d a t a  t h a t  a r e  sampled a t  r e g u l a r  i n t e r v a l s  from 
v a r i o u s  i n s t r u m e n t s .  
TABLE 51.- BVSIENTRY VEHICLE DATA REQUIREMENTS 
8 
Mea suremen t B i t s / s a m p l e  
1 
Temp, a e r o s h e l l  1 
Temp, a e r o s h e l l  2 
Temp, a e r o s h e l l  3 
Temp, b a c k s h e l l  1 
Temp, b a c k s h e l l  2 
A b l a t o r  t h i c k n e s s  1 
Ab 1 a t  o r t h i  ckne s s 2 
A b l a t o r  t h i c k n e s s  3 
A b l a t o r  t h i c k n e s s  4 
A b l a t o r  t h i c k n e s s  5 
A b l a t o r  t h i c k n e s s  6 
Temp, gondola  1 
Temp, gondola  2 
T e m p ,  f u e l  t a n k  
P r e s s u r e  f u e l  t a n k  
P r e s s u r e  g a s  t a n k  
Temp, i n f l a t i o n  t a n k  
Temp, Ag-Zn b a t t e r y  BVS 
V o l t a g e ,  Ag-Zn b a t t e r y  BVS 
Temp, probe  b a t t e r y  
V o l t a g e ,  probe b a t t e r y  
Vo l t age ,  sonde b a t t e r y  1 
V o l t a g e ,  sonde b a t t e r y  2 
Temp, a e r o s h e l l  b a t t e r y  
Vo l t age ,  a e r o s h e l l  b a t t e r y  
V o l t a g e ,  t r a n s d u c e r  s u p p l y  a e r o s h e l l  
V o l t a g e ,  t r a n s d u c e r  s u p p l y  BVS 
V o l t a g e ,  BVS main bus  
C u r r e n t ,  BVS main bus  
Power,  BVS t r a n s m i t t e r  ( r e l a y  l i n k )  
Temp, BVS t r a n s m i t t e r  ( r e l a y  l i n k )  
P r e s s u r e  ( t h r u s t  chamber) 
Acce le romete r  l o n g i t u d i n a l  ( low)  
Acce le romete r  l o n g i t u d i n a l  (h igh )  
Acce le romete r  l a t e r a l  
Acce le romete r  v e r t i c a l  
A e r o s h e l l  d i s c r e t e s ,  8 e a c h  
A e r o s h e l l  d i s c r e t e s ,  8 e a c h  
A e r o s h e l l  d i s c r e t e s ,  8 e a c h  
A e r o s h e l l  d i s c r e t e s ,  8 e a c h  
BVS d i s c r e t e s ,  8 e a c h  
W photometer  a e r o s h e l l  1 
W photometer  a e r o s h e l l  2 
P r e s s u r e  i n f l a t i o n  o r i f i c e  BVS 
P r e s s u r e  b a l l o o n  BVS 
Tempera ture  b a l l o o n  BVS 
S t r a i n  b a l l o o n  f i l m  BVS 1 
S t r a i n  b a l l o o n  f i l m  BVS 2 
R e f e r e n c e  t e m p e r a t u r e  
P r e s s u r e ,  a t m o s p h e r i c  ( l o w )  
P r e s s u r e ,  a t m o s p h e r i c  (h igh )  
Temp, a tmosphe re  1 
Temp, a tmosphe re  2 
S o l a r  a s p e c t  s e n s o r  1 
S o l a r  a s p e c t  s e n s o r  2 
S o l a r  a s p e c t  s e n s o r  3 
Water vapor  d e t e c t o r  
V i s u a l  photometer  BVS 1 
V i s u a l  photometer  BVS 2 
V i s u a l  photometer  BVS 3 
1 
Format and sample r a t e  ( s p s )  
A B C ( s t o r e d )  C ( r e a l  t ime)  
1 / h r  
1 / h r  
1 /hr 
1 / h r  
1 / h r  
1 / h r  
1 / h r  
1 / h r  
1 / h r  
1/32 
1/32 
1 /32  
1/32 





1 /hr 1 /32  
1 / h r  1/32 
1 / h r  1/32 
TABLE 51 . -  BVSIENTRY VEHICLE DATA REQUIREMENTS - Concluded 
Lece iver  AGC c o a r s e  
k y s t a l  o s c i l l a t o r  t e m p  
I x c i t e r  v o l t a g e  
I x c i t e r  o u t p u t  d r i v e  
IWT b a s e  t e m p e r a t u r e  
:WT h e l i x  v o l t a g e  
WT h e l i x  c u r r e n t  
KO c u r r e n t  
KO t e m p e r a t u r e  
:ommand decode r  c u r r e n t  
) e t e c t o r  l o c k  ( i n c l u d e d  i n  d i s c r e t e s )  
.oca1 o s c i l l a t o r  d r i v e  
Measurement B i t s / s a m p l e  
Format and sample r a t e  ( s p s )  
A B C ( s t o r e d )  C ( r e a l  t ime: 
f 1 / h r  
1 4 / h r  
1 4 / h r  
l / h r  
2 / h r  
8 / h r  
l / h r  
1 / h r  
2 / h r  
2 / h r  
2 / h r  
1 / h r  
E n g i n e e r i n g  and Sc ience  Data Requi rements  
Measurement Rate  Format 
las  s s p e c t r o m e t e r  
Emiss ion  c u r r e n t  
F i l a m e n t  c u r r e n t  
R e p e l l e r  p o t e n t i a l  Format ted  f o r  one  f rame (1200 G 
A c c e l e r a t i n g  p o t e n t i a l  (min . )  b i t s )  o f  d a t a  once  each  8 h r .  
A c c e l e r a t i n g  p o t e n t i a l  (max.) (20 - sec  sample t ime)  
E l e c t r o s t a t i c  s e c t o r  r e f e r e n c e  p o t e n t i a l  
SEM r e f e r e n c e  p o t e n t i a l  
I o n  pump c u r r e n t  
:as chromatograph  Format ted  i n t o  one  frame (1200 H 
b i t s )  o f  d a t a  once  each  8 h r .  
(20-minute  sample t ime)  
. c c e l e r o m e t e r ,  l o n g i t u d i n a l ,  low r a n g e  
L c c e l e r o m e t e r ,  X a x i s ,  low r a n g e  
Lcce lerometer ,  Y a x i s ,  low r a n g e  
1 t a t  us mon i to r  ( a e r o  s h e l l )  
;onde d a t a  
P r e s s u r e ,  a tmosphe r i c  
Tempera tu re ,  a t m o s p h e r i c  
Water vapor  
V o l t a g e ,  b a t t e r y  
Temp, e l e c t r o n i c s  
Frame count  
24-113 sec  of  d a t a  fo rma t t ed  I 
w i t h  sync and t i m e  (1200 b i t  
frame) once  each  8 h r  i f  p r e -  
s e t  a c c e l e r o m e t e r  t h r e s h o l d  i s  
exceeded .  
S e l e c t e d  BVSfentry v e h i c l e  d a t a .  J 
a r e  sampled and i n c l u d e d  i n  
s p a c e c r a f t  T/M d u r i n g  c r u i s e .  
Format ted  i n  sonde  (240 b i t  
frame e v e r y  4 minutes  u n t i l  
impac t ) .  
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TABLE 5 2 . -  TYPICAL BVS DATA MODES 
Mod e Pe r iod  used and d e s c r i p t i o n  
R e a l - t i m e  d a t a  a r e  c o l l e c t e d  and t r a n s m i t t e d  d u r i n g  capsu le / space -  
c r a f t  s e p a r a t i o n  th rough  comple t ion  o f  AV burn and d u r i n g  e n t r y  
th rough  deployment o f  s t a t i o n  excep t  f o r  5 minutes  when t h e  BVS i s  
suspended from i t s  pa rachu te  immediately a f t e r  s e p a r a t i o n  from t h e  
a e r o s h e l l .  
C o n s i s t s  o f  r e p e t i t i v e  frames o f  a e r o s h e l l  and BVS e n g i n e e r i n g  p l u s  
s c i e n c e  d a t a .  See Format A f o r  c o n t e n t  a s  shown i n  t a b l e  51. 
Transmi t t ed  f o r  5 minutes  beginning  a t  1 minute a f t e r  s e p a r a t i o n  o f  
t h e  BVS from t h e  a e r o s h e l l .  C o n s i s t s  o f  r e p e t i t i v e  frames o f  e n g i -  
n e e r i n g  d a t a  s t o r e d  d u r i n g  t h e  e n t r y  b l ackou t  and h i g h  g .  Data  con- 
t e n t  conforms t o  Format B a s  shown i n  t a b l e  51. 
C o l l e c t e d  and s t o r e d  on an h o u r l y  b a s i s  fo l lowing  deployment o f  s t a -  
t i o n .  C o n s i s t s  o f  e n g i n e e r i n g  and s c i e n c e  d a t a  a s  shown i n  t a b l e  51 
f o r  Format C .  
T ransmi t t ed  t o  E a r t h  on d i r e c t  l i n k  a f t e r  f i r s t  c o l l e c t i o n  c y c l e  and 
approx ima te ly  every  8 h r  t h e r e a f t e r  d u r i n g  mode E .  
C o l l e c t e d  and s t o r e d  immediately a f t e r  s t a t i o n  deployment.  C o l l e c t e d  
on t h e  6 t h  h o u r l y  c y c l e  and each  8 h r  t h e r e a f t e r .  
f u l l  f rames of  Format C p l u s  a 1200-b i t  frame o f  each  o f  mass spec -  
t r o m e t e r  Format G ,  gas  chromatograph Format H ,  and acce le romete r  
Format I. (Gas chromatograph frame i s  n o t  c o l l e c t e d  i n  t i m e  t o  be  
t r a n s m i t t e d  immediately a f t e r  deployment o f  s t a t i o n  but  i s  sampled 
d u r i n g  t h i s  per iod  and s t o r e d  fo l lowing  t h e  f i r s t  E a r t h  l i n k  d a t a  
t r a n s m i s s i o n . )  Data a r e  t r a n s m i t t e d  t o  E a r t h  d u r i n g  mode E .  
Mode E i s  a d a t a  t r a n s m i s s i o n  mode. It o c c u r s  a t  t h e  t i m e  o f  c o n t a c t  
w i t h  t h e  E a r t h  s t a t i o n .  When t h e  BVS S-band t r a n s m i t t e r  i s  tu rned  
on by r e c e i p t  o f  an E a r t h  s i g n a l  r e a l - t i m e  frames o f  Format C a r e  
t r a n s m i t t e d  f o r  4 minutes .  T h i s  i s  fol lowed by r e p e a t e d  p layback  o f  
a l l  s t o r e d  d a t a  t h a t  were c o l l e c t e d  d u r i n g  modes C ,  D ,  and F ,  and 
ends w i t h  s e v e r a l  r e a l - t i m e  frames o f  Format C t o  conf i rm r e c e i p t  o f  
any commands from E a r t h .  The t o t a l  t r a n s m i s s i o n  pe r iod  i s  20 minutes .  
Mode F i s  a sonde d a t a  c o l l e c t i o n  and s t o r a g e  c y c l e .  It c o n s i s t s  o f  
30 minutes  o f  r e c e i v i n g  and s t o r i n g  d a t a  t r a n s m i t t e d  from t h e  sonde 
t o  t h e  BVS s t a t i o n  main s t o r a g e .  The d a t a  a r e  t r a n s m i t t e d  d i r e c t l y  
t o  E a r t h  d u r i n g  mode E o p e r a t i o n s .  The d a t a  format  i s  i d e n t i f i e d  a s  
Format K. 
C o n s i s t s  o f  two 
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TABLE 53.-  DATA SUBSYSTEM PROGRAMER (SEQUENCER) INPUT/OUTPUT 
D I  S CRETE S 
I n p u t  d i s c r e t e s  ( f o r  c o n t r o l )  From 
1. S t a r t  mode A o p e r a t i o n  
2.d S t a r t  mode B s t o r a g e  w r i t e  
3 .  End mode B s t o r a g e  w r i t e  
4 .  End mode A o p e r a t i o n  
5 .  Begin mode B s t o r a g e  r e a d .  
6 .  End mode B s t o r a g e  read  
7 .  Begin f l o t a t i o n  o p e r a t i n g  modes 
8 .  I n i t i a t e  r e l e a s e  of  drop  sonde sequence 
9 .  Maximum S-band t r a n s m i t t e r  on-t ime 20 minutes  
10. Maximum S-band t r a n s m i t t e r  on-t ime Y minutes  
11. Begin mode E o p e r a t i o n  
Output  d i s c r e t e s  
1. T r a n s m i t t e r  o n / o f f  
2 .  Data m u l t i p l e x e r / e n c o d e r ,  t r a n s d u c e r  power 
supp ly ,  d a t a  memory, a tmospher ic  s c i e n c e  i n -  
s t rumen t s  o n / o f f  
3 .  Bio l a b  o n / o f f  
4 .  Mass s p e c t r o m e t e r  o n / o f f  
5 .  Gas chromatograph 
6 .  Main r e c e i v e r  o n / o f f  
7 .  Command d e t e c t o r  and decoder  o n / o f f  
8 .  Sonde d a t a  u n i t  o n / o f f  
9 .  A r m  sonde 
1 0 .  R e l e a s e  sonde 
11. Sa fe  sonde 
1 2 .  Acce lerometer  o n / o f f  
13 .  Radar  on/o€f  
t h r u  Formats (6) s t a r t l s t o p  
2 0 .  l4'I 
2 1 .  Atmospheric sample c o l l e c t i o n  
2 2 .  Bio sample c o l l e c t i o n  
2 8 .  3*1 * 
2 9 . )  
t h r u  Sc ience  d i s c r e t e s  (mode c o n t r o l )  
Data hand l ing  d i s c r e t e s  (mode c o n t r o l )  
3 4 .  
Aero s h e l l  sequencer  
A e r o s h e l l  sequencer  
BVS sequence r  
Aero she1  1 sequencer  
BVS sequence r  
BVS sequence r  
BVS sequence r  
Command decoder  
Command decoder  
Command decoder  
Command decoder  
o r  BVS sequence r  
To 
BVS power c o n t r o l  
-
BVS power c o n t r o l  
BVS power c o n t r o l  
BVS power c o n t r o l  
BVS power c o n t r o l  
BVS power c o n t r o l  
BVS power c o n t r o l  
BVS power c o n t r o l  
BVS power c o n t r o l  
BVS power c o n t r o l  
BVS power c o n t r o l  
BVS power c o n t r o l  
BVS power c o n t r o l  
Data  m u l t i p l e x e r /  
encoder  
Sc ience  
Sc ience  
Sc ience  














Experiments  w i t h  un ique  d a t a  h a n d l i n g  r e q u i r e m e n t s ,  such  a s  t h e  
g a s  chromatograph, mass s p e c t r o m e t e r ,  sonde,  and t h e  a c c e l e r o m e t e r  
f o r  mon i to r ing  wind g u s t s  have t h e i r  own a s s o c i a t e d  d a t a  p r o c e s s -  
i n g  e l e c t r o n i c s ,  a s  i s  t h e  c a s e  f o r  the o r b i t a l  m i s s i o n ,  and pro-  
v i d e  a d i g i t a l  d a t a  i n t e r f a c e  w i t h  t h e  d a t a  m u l t i p l e x e r / e n c o d e r .  
Fo rma t t ing  and b u f f e r  s t o r a g e  o f  an experiment  sample i s  accom- 
p l i s h e d  i n  each experiment  d a t a  u n i t .  Clocking and c o n t r o l  i s  
provided by t h e  d a t a  subsystem sequencer .  Data from t h e  v a r i o u s  
experiment b u f f e r s  i s  sequenced i n t o  t h e  d a t a  memory under c o n t r o l  
o f  t h e  DSS. 
The memory i s  s i z e d  by t h e  r equ i r emen t s  t o  s t o r e  d a t a  d u r i n g  
r a d i o  b l ackou t  and d u r i n g  peak g l e v e l s  a t  e n t r y .  T h i s  same memo- 
r y  i s  used t o  s t o r e  d a t a  between d i r e c t - t o - E a r t h  communication 
c o n t a c t s  a f t e r  deployment o f  t h e  s t a t i o n .  Memory c a p a c i t y  i s  t h e  
same a s  f o r  t h e  o r b i t a l  mi s s ion .  
The t r a n s d u c e r  power supp ly  p r o v i d e s  5 Vdc r e g u l a t e d  power t,o 
t h o s e  e n g i n e e r i n g  s e n s o r s  r e q u i r i n g  r e g u l a t e d  power. 
S i z e ,  w e i g h t ,  and power r e q u i r e d  f o r  e a c h  u n i t  o f  t h e  d a t a  
subsystem a r e  shown i n  t a b l e  54.  
TABLE 5 4 . -  DATA SUBSYSTEM SIZE, WEIGHT, AND POWER 
S i z e  , 
Component cu  i n .  Weight ,  l b  Power, W 
BVS -
Data subsystem sequence r  2 80 4 .O 4 .O 
Data m u l t i p l e x e r / e n c o d e r  420 10 .o 8 .5  
Memory 200 4.0 1 .o  
Transduce r  power supp ly  - 20 1 .o 1 .o 
T o t a l  920 19 .0  1 4 . 5  
A e r o s h e l l  
Mu1 t i p l  e x e r  /encod e r  2 80 3 .O 4 .0  
Transduce r  power s u p p l y  20 0 . 5  1 .o  
80 2 .0  Eng inee r ing  s e n s o r s  - ----  
T o t a l  3 80 5 . 5  5 . 0  
Subsystem o p e r a t i o n :  The d a t a  subsystem o p e r a t i o n  i s  e s s e n -  
t i a l l y  t h e  same a s  f o r  t h e  o r b i t a l  mi s s ion  from l a u n c h  t o  i m m e -  
d i a t e l y  p reced ing  e n t r y  a f t e r  which t h e  main d i f f e r e n c e  i s  i n  d a t a  
mode and pos tdep loy  o p e r a t i o n s  s c h e d u l e s .  
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A t  e n t r y  minus 20 minutes  t h e  a e r o s h e l l  sequencer  sends  a d i s -  
c r e t e  t o  t h e  DSS t h a t  a c t i v a t e s  t h e  d a t a  subsystem and 390 MHz 
t r a n s m i t t e r .  Data Format A ( a s  p r e v i o u s l y  de f ined )  i s  t r a n s m i t t e d  
t o  t h e  s p a c e c r a f t  u n t i l  immediately a f t e r  s e p a r a t i o n  o f  t h e  BVS 
from t h e  a e r o s h e l l .  For  t h e  nex t  few minu tes ,  w h i l e  t h e  BVS i s  
d e c e l e r a t i n g ,  t h e  acce le romete r  d a t a  and o t h e r  e n g i n e e r i n g  d a t a  
t h a t  were r eco rded  fo l lowing  e n t r y  a r e  t r a n s m i t t e d  t o  t h e  space-  
c r a f t .  The d a t a  t r a n s m i s s i o n  r e v e r t s  t o  r e a l  t i m e  b e f o r e  s t a t i o n  
deployment o c c u r s .  A t  comple t ion  o f  deployment when t h e  i n f l a t i o n  
t ankage ,  t h e  BVS sequence r ,  and t h e  390 MHz t r a n s m i t t e r  and a n t e n -  
na a r e  r e l e a s e d  and f a l l  t o  t h e  s u r f a c e ,  a l l  BVS d a t a  f u n c t i o n s  
a r e  under c o n t r o l  o f  t h e  BVS d a t a  subsystem sequencer  and t h e  
command subsystem. 
The d a t a  c o l l e c t i o n  and t r a n s m i s s i o n  r o u t i n e s  fo l lowing  s t a -  
t i o n  deployment a r e  based on an h o u r l y  sampling o f  t h e  more rou -  
t i n e  s c i e n c e  i n s t r u m e n t s  p l u s  e n g i n e e r i n g ,  a once-per -8-hr  sam- 
p l i n g  o f  a l l  s c i e n c e  i n s t r u m e n t a t i o n ,  and t r a n s m i s s i o n  o f  r e a l -  
t ime  p l u s  s t o r e d  d a t a  on a once-per-8-hr  c y c l e  assuming t h e  E a r t h -  
based s t a t i o n s  t u r n  t h e  BVS t r a n s m i t t e r  "on" on an 8-hr  c y c l i n g  
b a s i s .  
The once-per -8-hr  sampling i s  scheduled  t o  b e  t aken  a t  t h e  
s i x t h  h o u r l y  pe r iod  fo l lowing  deployment ,  and t h e n  i s  t aken  on an 
8 - h r  r e c u r r i n g  c y c l e .  
The DSS u n i t  s chedu les  t u r n  on o f  t h e  S-band r e c e i v e r  f o r  5 
minutes  a t  t h e  beginning  o f  each  h o u r l y  c o l l e c t i o n  p e r i o d .  I f  
t h e  r e c e i v e r  f i n d s  a c a r r i e r  p r e s e n t ,  i t  w i l l  t u r n  on t h e  BVS 
t r a n s m i t t e r  and remain a c t i v a t e d  f o r  20 minutes .  T h i s  a l l o w s  t h e  
DSN s t a t i o n  t o  make c o n t a c t  w i t h  the s t a t i o n  t o  i n i t i a t e  a " r e l e a s e  
drop  sonde" command. The number o f  s t a t i o n  c o n t a c t s  a l l o w a b l e  
i s  l i m i t e d  by t h e  e l e c t r i c a l  energy  t h a t  can be s t o r e d  i n  t h e  b a t -  
t e r y  sys tems;  t h e r e f o r e ,  making c o n t a c t  more t h a n  once p e r  8 -h r  
can j e o p a r d i z e  maximum miss ion  l i f e t i m e .  By i s s u i n g  a " r e l e a s e  
drop  sonde" command on o n l y  t h e  r e g u l a r l y  scheduled c o n t a c t s  one 
can conserve  t h e  s t a t i o n  b a t t e r i e s .  Sonde r e l e a s e ,  when commanded, 
i s  de layed  u n t i l  t h e  end o f  BVS d a t a  t r a n s m i s s i o n  t o  reduce  peak 
power load  i n  t h e  sys tem and t o  f r e e  t h e  d a t a  system from i t s  
d a t a  t r a n s m i s s i o n  r o u t i n e .  
Mechaniza t ion  o p t i o n s :  The major t r a d e o f f  cons idered  i n  t h e  
d a t a  subsystem i s  i n  t h e  use  o f  a d e c e n t r a l i z e d  v e r s u s  a c e n t r a l -  
i z e d  d a t a  subsystem. A d e c e n t r a l i z e d  approach  was t aken  f o r  t h i s  
mi s s ion  f o r  t h e  same r e a s o n s  a s  i t  was t a k e n  f o r  t h e  o r b i t a l  m i s -  
s i o n .  
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A e r o s h e l l  mounted d a t a  subsys tem.-  The a e r o s h e l l  d a t a  subsys-  
tem i s  e s s e n t i a l l y  t h e  same a s  f o r  t h e  o r b i t a l  mi s s ion ,  c o n s i s t -  
i n g  o f  a d a t a  m u l t i p l e x e r / e n c o d e r  and a t r a n s d u c e r  power s u p p l y .  
S i z e ,  w e i g h t ,  and power of t h e  d a t a  equipment mounted i n  t h e  a e r o -  
s h e l l  a r e  shown a long  w i t h  t h e  BVS d a t a  sys t em components i n  t h e  
p rev ious  s e c t i o n .  
1 7  1 
Telecomunicat ions f o r  Mercury/Venus Miss ion  
BVS r a d i o  and command subsystems.-  Requirements f o r  t h e  BVS/ 
e n t r y  v e h i c l e  and command subsystems a r e  t h e  same a s  f o r  t h e  f l y b y  
m i s s i o n  e x c e p t  t h a t  t h e  S-band d i r e c t  l i n k  t o  E a r t h  i s  used  f o r  
p r e e n t r y ,  e n t r y ,  and p o s t e n t r y  communications because no r e l a y  l i n k  
t o  t h e  s p a c e c r a f t  i s  u s e d ,  The d a t a  r a t e  i s  120 bps f o r  a l l  phases  
o f  o p e r a t i o n .  T h i s  r e p r e s e n t s  a r e d u c t i o n  i n  t h e  d a t a  r a t e  from 
240 t o  120 bps f o r  t h e  e n t r y  and a n  i n c r e a s e  i n  d a t a  r a t e  from 30 
t o  120 bps f o r  t h e  p o s t e n t r y  o p e r a t i o n s ,  An i n c r e a s e d  d a t a  r a t e  
can be used because  o f  t h e  s h o r t e r  r ange  t o  E a r t h  than  f o r  t h e  f l y -  
by m i s s i o n ,  The command l i s t  i s  i d e n t i c a l  t o  t h e  f l y b y  m i s s i o n  
l i s t .  
The S-band r a d i o  subsystem components a r e  i d e n t i c a l  t o  t h o s e  
of  t h e  Venus f l y b y  m i s s i o n  e x c e p t  t h e  BVS S-band r e c e i v e r  c a r r i e r  
t r a c k i n g  l o o p  2B bandwidth can b e  i n c r e a s e d  from 70 Hz t o  250 Hz 
t o  p r o v i d e  a h i g h e r  f requency s e a r c h  sweep r a t e  f o r  d e c r e a s e d  ac -  
q u i s i t i o n  t i m e  on Earth-'to-BVS l i n k ,  The 370 MHz r e l a y  t r a n s m i t t e r  
and an tenna  used  f o r  t h e  Venus f l y b y  r e l a y  l i n k  t o  t h e  s p a c e c r a f t  
a r e  d e l e t e d .  
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Radio and command subsystem performance: During s e p a r a t i o n  
o f  t h e  c a p s u l e  from t h e  s p a c e c r a f t  and d u r i n g  t h e  d e f l e c t i o n  b u r n  
phase of  t h e  m i s s i o n ,  t e l e m e t r y  d a t a  w i l l  be  r eco rded  i n  t h e  BVS 
d a t a  s t o r a g e .  The S-band r a d i o  system w i l l  t hen  be a c t i v a t e d  and 
r e a l - t i m e  p l u s  s t o r e d  d a t a  w i l l  be  t r a n s m i t t e d  d i r e c t l y  t o  E a r t h  
from the c a p s u l e  f o r  20 m i n u t e s ,  The t r a n s m i t t e r  w i l l  be  t u r n e d  
o f f  d u r i n g  t h e  c a p s u l e  c o a s t  phase t h e n  r e a c t i v a t e d  f o r  t h e  e n t r y  
and deployment phases .  
F o l l o w i n g  deployment o f  t h e  s t a t i o n ,  t h e  s c i e n c e  sampling 
s c h e d u l e  and d a t a  t r a n s m i s s i o n  s c h e d u l e  w i l l  b e  i d e n t i c a l  t o  t h a t  
o f  t h e  Venus f l y b y  m i s s i o n .  
A d e s i g n  c o n t r o l  t a b l e  f o r  t h e  S-band t e l e m e t r y  l i n k  and t h e  
S-band command l i n k  ( b o t h  d i r e c t  l i n k s  w i t h  E a r t h )  a r e  g i v e n  i n  
t a b l e s  55 and 56, r e s p e c t i v e l y .  Note t h a t  t h e  margins  a r e  ade- 
q u a t e  t o  p r o v i d e  a t e l e m e t r y  b i t  r a t e  o f  120 bps w h i l e  u s i n g  a 
48 Hz c a r r i e r ,  t r a c k i n g  loop bandwidth f o r  t h e  DSN r e c e i v e r  and t o  
p r o v i d e  commands w h i l e  u s i n g  a BVS c a r r i e r  t r a c k i n g  loop  bandwidth 
o f  250 Hz. 
A r ange  t o  E a r t h  of  46.75 x lo6 km was chosen a s  maximum. T h i s  
c o r r e s p o n d s  t o  a r ange  a t  5 days a f t e r  e n t r y .  S i n c e  r a n g e  i n -  
c r e a s e s  a s  a f u n c t i o n  o f  t i m e  f o r  t h e  p e r i o d  o f  i n t e r e s t ,  t h e  r ange  
e n t r y  p l u s  5 days r e p r e s e n t s  a wors t  c a s e .  
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TABLE 55.-  1973 TYPE I DIRECT LINK PEFGOFWANCE TELE- 
COMMUNICATION DESIGN CONTROL TABLE 
Parameter  
To t a 1 t r a n s m i t t e r  power 
T r a n s m i t t i n g  c i r c u i t  l o s s  
T r a n s m i t t i n g  an tenna  g a i n  
T r a n s m i t t i n g  Antenna P o i n t i n g  
Space loss 
F=2295 MHz, pc=46.75 x lo6 km 
(0.32 A.U.) p o l a r i z a t i o n  
l o s s  = 6 dB, DSIF = 0.8 dB 
Loss  
Rece iv ing  an tenna  g a i n  
Rece iv ing  an tenna  p o i n t i n g  
Rece iv ing  c i r c u i t  l o s s  
N e t  c i r c u i t  l o s s  
Receiver n o i s e  s p e c t r a l  den- 
C a r r i e r  modula t ion  l o s s  
Received c a r r i e r  power 
C a r r i e r  APC n o i s e  BW 
l o s s  
s i t y  T sys tem = 45 _+ 1O'K 
2 BLO = 48 Hz 
C a r r i e r  performance - 
t e 1 eme  t r y  
LO Thresho ld  SNR i n  2 B 
Thresho ld  c a r r i e r  power 
Performance Margin 
Data Channel 
Modula t ion  l o s s  
Rece ived  d a t a  s u b c a r r i e r  
B i t  r a t e  ( 1 / T  = 120 bps)  
Requi red  ST/N/B 




+43 . O  dBm 
-1.0 dB 
+5.0 dB 
-3 .5  dB 
-252.3 dB 
-0 .6  dB 
+61.0 dB 
-0 .3  dB 















I b l e r a n c e  (dB) 
+ - 
1 .o  0 .o 
0 . 5  0 . 5  
0 .5  0.5 
--- - - -  
1.0 1 . 0  
0.3 0.1 
0 . 1  0 . 0  
5.9 2.1 
1.1 0 .9  
0 .4  0 .4  
7 . 3  0 .5  
0 . 5  0 .0  
0.5 1 . o  
2 . 1  1 .9  
9.4 4 . 4  
0 .4  0 .4  
7 . 3  2 .5  
1 .0  1 .o  
2 .1  1 .9  
9.4 4 . 4  
--- - - -  
Notes 




+o ,  02" 
e s t i m a t e  
EPD-283 
e = 1.05 pad 
MC-4 - 3 10A 
MC-4- 3 1 0 A  
e = 1.05 r a d  
P = 5 10-3 
e 
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TABLE 56.- COMMAND LINK DESIGN CONTROL TABLE 
Parameter  
T o t a l  t r a n s m i t t e r  power, 100 kw 
Transmi t  c i r c u i t  l o s s  
Transmi t  an tenna  g a i n  (85 f t )  
Transmi t  an tenna  p o i n t i n g  l o s s  
Space l o s s  
P o l a r i z a t i o n  l o s s  
F = 2115 MHz, p = 46.75 x I O 6  
C 
Rece iv ing  an tenna  g a i n  
Rece iv ing  an tenna  p o i n t i n g  l o s s  
Rece iv ing  c i r c u i t  1 . 0 s ~  
N e t  c i r c u i t  l o s s  
T o t a l  r e c e i v e d  power 
System nois  e s p e c t r a l  d e n s i t y  
C a r r i e r  modula t ion  l o s s  
Received c a r r i e r  power 
C a r r i e r  APC n o i s e  BW f o r  2 B = 70 Hz 
T = 4070°K 
LO 
f o r  2 BLO = 250 Hz 
C a r r i e r  Derformance - command 
LO 
Threshold  SNR i n  2 B 
LO Threshold  c a r r i e r  power f o r  2 B ' 
Perfortnance margin  f o r  2 BLO = 250 Hz 
Performance margin f o r  2 B = 70 Hz 
Performance margin f o r  2 B = 20 Hz 
D a t a  Channel 
Modulat ion l o s s  
Received s u b c a r r i e r  power 
PLL n o i s e  bandwidth (BW = 1 Hz) 
Threshold  SNR (pE = 10-5) 
Threshold  s u b c a r r i e r  power 
N e t  margin 
Sync Channel 
Modulat ion l o s s  
Received s u b c a r r i e r  
Thresh0 Id  SNR 
Noise bandwidth = 2 Hz 
Threshold  channel  power 
N e t  marg in  







-0 .3  dB 
-251.6 dB 







-3 .2  dB 
-124.6 dBm 
+18.5 dB 

























0 .0  
3.5 
0.2 
5 .5  
5 .5  
4 .0  
0 . 5  
6 .0  
0 . 5  
0.5 
1 .0  
5 . 5  




6 . 0  
1 .0  




.6 .2  
1 .0  
1.0 
6 . 0  
12.2 
e ,  dB 
- 
0.1  








3 .1  
0.0 
0.6 
3 . 7  
0 .4  
0 .4  
1 . 0  
1.4 
5 . 1  
5 . 1  
5 .1  
0.5 
3.6 
1 . 0  
1 . 0  
5 .6  
- - -  
0.7 
3.8 
1 . 0  
0 .8  
1.8 
5.6 
Antenna p o i n t i n g  l o s s  i s  shown a s  3 . 5  dB ( t h e  same a s  f o r  the 
o r b i t a l  m i s s i o n ) .  It r e p r e s e n t s  a n  an tenna  a s p e c t  a n g l e  t o  E a r t h  
o f  70" (20' above h o r i z o n t a l ) ,  T h i s  i s  t h e  maximum d e s i r e d  l i m i t .  
The i n i t i a l  BVS an tenna  a s p e c t  a n g l e  t o  E a r t h  b e f o r e  e n t r y  i s  ap- 
p rox ima te ly  20" and d u r i n g  nea r  v e r t i c a l  d e s c e n t  i s  approx ima te ly  
50 ' .  P r e d i c t e d  d r i f t  o f  t h e  s t a t i o n  i s  such t h a t  t h e  a s p e c t  a n g l e  
t o  E a r t h  should  improve i n i t i a l l y  a s  t h e  s t a t i o n  d r i f t s  c l o s e r  t o  
t h e  s u b e a r t h  p o i n t ,  
Pos tdeploy  a c q u i s i t i o n  and command procedures  d u r i n g  f l o a t a t i o n  
o p e r a t i o n s  a r e  i d e n t i c a l  t o  t h o s e  d e s c r i b e d  f o r  t h e  Venus f l y b y  
mis s ion ;  however, t h e  en t ry - th rough-dep loy  phase  p rocedures  a r e  
d i f f e r e n t  s i n c e  two-way S-band communications a r e  a l s o  used  d u r i n g  
t h i s  pe r iod .  
During e n t r y  t h e  c a p s u l e  expe r i ences  a d e c e l e r a t i o n  o f  s e v e r a l  
hundred t i m e s  e a r t h  g r a v i t y .  The concern  d u r i n g  t h i s  p e r i o d , i s  
r e a c q u i r i n g  t h e  s i g n a l  a f t e r  l o s s  o f  loclc due t o  b l a c k o u t  and h i g h  
dopp le r  r a t e s ,  Radio b l a c k o u t  i s  expec ted  t o  occur  f o r  approx i -  
ma te ly  14 t o  18 sec, end ing  b e f o r e  t h e  maximum g f o r c e  o c c u r s .  
Th i s  means t h a t  b o t h  t h e  u p - l i n k  and down-link w i l l  be  i n o p e r a t i v e  
d u r i n g  t h i s  p e r i o d ,  
The maximum t r a c k i n g  r a t e  o f  t h e  BVS r e c e i v e r  c a r r i e r  l oop  
w i l l  be  exceeded u n t i l  t h e  d e c e l e r a t i o n  has  dropped below abou t  
182 g ,  and assuming a BVS r e c e i v e r  f requency  s e a r c h  r a t e  o f  6 Hz/ 
sec,  t h e  g f o r c e s  must b e  reduced t o  about  90  g b e f o r e  t h e  BVS 
r e c e i v e r  can  be expec ted  t o  r e a c q u i r e  t h e  s i g n a l  from E a r t h .  
(Doppler  r a t e  p l u s  s e a r c h  r a t e  must  n o t  exceed t h e  maximum a l low-  
a b l e  t r a c k i n g  r a t e ,  which i s  e s t i m a t e d  a t  0.17 t imes  t h e  2B 
c a r r i e r  l oop  bandwidth s q u a r e d . )  
LO 
F o r  t h e  down-link i t  can  be  shown t h a t  a c o n s e r v a t i v e  e s t i m a t e  
o f  t h e  maximum t r a c k i n g  r a t e  f o r  t h e  Ea r th -based  r e c e i v e r  u s i n g  a 
4 Hz 2BL0 c a r r i e r  l oop  bandwidth nea r  t h r e s h o l d  S/N r a t i o s  i s  abou t  
400 Hz/sec  ( r e f .  1 0 ) .  T h i s  r a t e  cor responds  t o  an  e f f e c t i v e  g 
f o r c e  o f  approximate ly  2 .6  g a c t i n g  on t h e  e n t r y  c a p s u l e .  There-  
f o r e  i t  can  be  assumed t h a t  a s  t h e  g f o r c e s  a r e  d i m i n i s h i n g  up- 
l i n k  l o c k  w i l l  have r e o c c u r r e d  long  b e f o r e  t h e  two-way dopp le r  
r a t e  w i l l  have dropped low enough t o  be t r acked  by t h e  E a r t h -  
based r e c e i v e r .  However, s i n c e  t h e  f requency  u n c e r t a i n t y  i s  o n l y  
t h e  dopp le r  o f f s e t ,  t h e  E a r t h - b a s e d  r e c e i v e r  ( f o l l o w i n g  l o s s  o f  
l ock  a t  e n t r y )  can  be  tuned  t o  a f requency  t h a t  w i l l  occu r  a s  t h e  
c a p s u l e  v e l o c i t y  approaches  t h a t  expec ted  t o  occur  n e a r  1 g .  The 
r e c e i v e r  should  lock  t o  t h e  s i g n a l  a s  t h e  s i g n a l  f r equency  sweeps 
th rough  t h e  r e c e i v e r  l ock  on r a n g e .  I f  t h i s  f a i l s  t h e n  a f r equency  
s e a r c h  must be  made t o  a c q u i r e  t h e  s i g n a l  w h i l e  t h e  BVS i s  hanging  
from t h e  dep loy  pa rachu te .  
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Broadband p r e d e t e c t i o n  r e c o r d i n g  a t  t h e  DSN would be  used  so 
t h a t  t h e  d a t a  may be  r ecove red  even though t h e  r e a l - t i m e  a c q u i s i -  
t i o n  a t t e m p t s  f a i l .  
Data r eco rded  i n  t h e  BVS d u r i n g  e n t r y  can  b e  t r a n s m i t t e d  w h i l e  
t h e  BVS i s  hanging  on i t s  deploy  pa rachu te .  T h i s  p r e v e n t s  l o s s  o f  
d a t a  because  o f  b l a c k o u t  and r e a c q u i s i t i o n  p e r i o d s  i n  which r e a l -  
t i m e  t r a n s m i s s i o n s  a r e  i n t e r r u p t e d .  
Mechaniza t ion  o p t i o n s :  An o p t i o n a l  approach  t o  b e  cons ide red  
d u r i n g  preent ry- through-deployment  phase i s  t o  u s e  a one-way t r a n s -  
m i s s i o n  mode t o  E a r t h  i n s t e a d  o f  two-way c o h e r e n t  mode. Fo r  t h i s  
mode t h e  BVS t r a n s m i t t e r  f requency  i s  de te rmined  by a s e l f - c o n -  
t a i n e d  c r y s t a l  c o n t r o l l e d  o s c i l l a t o r  i n s t e a d  o f  by t h e  r e c e i v e d  
command c a r r i e r .  I n  t h i s  c a s e  bo th  i n i t i a l  a c q u i s i t i o n  and re- 
a c q u i s i t i o n  o f  t h e  s i g n a l  by t h e  E a r t h  s t a t i o n  w i l l  b e  more d i f -  
f i c u l t  because  o f  t h e  BVS t r a n s m i t t e r  f requency  u n c e r t a i n t y  caused 
by t empera tu re  changes ,  ag ing ,  and shock.  It  cou ld  r e s u l t  i n  ex- 
c e s s i v e  l o s s  o f  r e a l - t i m e  e n t r y  d a t a  d u r i n g  t h e  longe r  r e a c q u i s i -  
t i o n  p e r i o d .  These d a t a  may b e  r ecove red ,  however, w i t h  about  
1 dB d e g r a d a t i o n  ( r e f .  6 )  by p r o c e s s i n g  t h e  p r e d e t e c t i o n  r e c o r d i n g  
made a t  t h e  DSN S t a t i o n .  
Another  o p t i o n  o r  a l t e r n a t i v e  approach i s  t o  c o n s i d e r  b lock  
coding  on t h e  BVS-to-Earth t e l e m e t r y  l i n k  a s  d i s c u s s e d  f o r  t h e  
o r b i t a l  m i s s i o n .  
A e r o s h e l l  d a t a  subsys tem,-  The a e r o s h e l l  d a t a  subsystem con- 
s i s t s  of a d a t a  m u l t i p l e x e r / e n c o d e r  and t r a n s d u c e r  power supp ly ,  
which a r e  i d e n t i c a l  t o  t hose  f o r  t h e  Venus f l y b y  m i s s i o n .  
BVS d a t a  subsystem.-  The BVS d a t a  subsystem requ i r emen t s  and 
c o n f i g u r a t i o n  f o r  t h e  Venus/Mercury f l y b y  m i s s i o n  a r e  a lmost  i den -  
t i c a l  t o  t h e  BVS Venus f l y b y  m i s s i o n .  The e x c e p t i o n s  a r e  t e l e m -  
e t r y  d a t a  r a t e  p l u s  minor changes i n  t h e  t e l e m e t r y  channe l  a s s i g n -  
ments and power programing. The d a t a  modes a r e  i d e n t i c a l .  
A f i x e d  t e l e m e t r y  d a t a  r a t e  o f  120 bps i s  used  f o r  a l l  d a t a  
modes a s  opposed t o  t h e  240 bps f o r  t h e  p r e e n t r y - t o - d e p l o y  phases ,  
and 30 bps f o r  t h e  p o s t s t a t i o n  deploy  phases  of  t h e  Venus f l y b y  
c o n f i g u r a t i o n .  The r e a s o n  f o r  t h i s  i s  u s e  o f  a d i r e c t  l i n k  t o  
E a r t h  f o r  bo th  t h e  BVS/entry v e h i c l e  and f o r  t h e  BVS a f t e r  sep-  
a r a t i o n  from t h e  c a p s u l e .  
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This  change i n  d a t a  r a t e  r e q u i r e s  a r e d u c t i o n  o f  t e l e m e t r y  
channel  sampling r a t e s  by one-ha l f  f o r  t h e  predeploy  phase w i t h  
no change i n  t h e  m u l t i p l e x e r f e n c o d e r .  Any c r i t i c a l  channe l s  c a n  
be c r o s s  s t r a p p e d  t o  s p a r e s  and can b e  made a v a i l a b l e  by r e a s s i g n -  
i n g  lower p r i o r i t y  channe l s  t o  provide  t h e  r e q u i r e d  sampling r a t e .  
The pos tdep loy  d a t a  r a t e  i n c r e a s e  i s  p o s s i b l e  because  o f  t h e  lower 
Venus- t o - E a r t h  cominunications range  f o r  t h e  Veuus/Mercury f l y b y  
mis s ion  , 
Data a r e  r eco rded  a t  60  bps d u r i n g  c a p s u l e  s e p a r a t i o n  from t h e  
s p a c e c r a f t  and t h e  r e c o r d i n g  con t inues  through t h e  d e o r b i t  eng ine  
burn phase o f  t h e  m i s s i o n .  When t h e  c a p s u l e  i s  r e o r i e n t e d  f o r  
e n t r y  and spun up  immedia te ly  a f t e r  t h e  d e o r b i t  maneuver t h e  d a t a  
a r e  t r a n s m i t t e d  d i r e c t l y  t o  E a r t h .  E n t r y  acce le romete r  d a t a  a r e  
s t o r e d  i n  memory,at  t h e  same r a t e  a s  f o r  t h e  Venus f l y b y , , a n d  t h u s  
a r e  n o t  a f f e c t e d  by t h e  change. 
Minor power programing changes a r e  encountered  i n  u s e  o f  t h e  
S-band system f o r  e n t r y  i n  p l a c e  of  t h e  r e l a y  l i n k  t r a n s m i t t e r ,  
b u t  t h e  e f f e c t  o f  t h e s e  changes a r e  i n s i g n i f i c a n t  on t h e  d e s i g n  
of  t h e  subsystem. 
1 7 7  
BVS POWER AND PYROTECHNICS SUBSYSTEM 
BVS Power Subsystem f o r  the O r b i t e r  Mission 
Power i s  r e q u i r e d  t o  be f u r n i s h e d  by a s t e r i l i z e d  b a t t e r y  
supplemented by s o l a r  c e l l  p a n e l s .  To h o l d  t h e  we igh t  f l o a t e d  
by  t h e  b a l l o o n  t o  a minimum, the ae roshe l l -moun ted  b a t t e r y  i s  
r e q u i r e d  t o  f u r n i s h  power t o  the BVS t o  a l l o w  i t  t o  t r a n s m i t  
d a t a  d u r i n g  s e p a r a t i o n  from t h e  s p a c e c r a f t ,  AV burn,  and con-  
duc t  o p e r a t i o n s  up t o  e n t r y .  The BVS b a t t e r y  i s  r e q u i r e d  t o  
have s u f f i c i e n t  c a p a c i t y  t o  s u p p o r t  a m i s s i o n  of 50-hr d u r a t i o n .  
I n  a d d i t i o n ,  shou ld  l i g h t  c o n d i t i o n s  be  f a v o r a b l e ,  t h e  m i s s i o n  
t i m e  w i l l  b e  extended by u s i n g  s o l a r  c e l l s  t o  r e p l e n i s h  t h e  b a t -  
t e r y  c h a r g e .  A monitor  c a p a b i l i t y  f o r  d e t e c t i n g  u n d e r v o l t a g e  i s  
r e q u i r e d .  The u n d e r v o l t a g e  c o n d i t i o n  c a u s e s  t h e  equipment t o  b e  
connec ted  i n t o  a low power mode t o  g i v e  t h e  s o l a r  c e l l s  a d d i t i o n a l  
t i m e  f o r  r e c h a r g i n g  t h e  b a t t e r i e s .  V o l t a g e  l e v e l s  a t  a l l  sub -  
systems a re  t o  b e  ma in ta ined -be tween  24 and 36 V .  . .  
BVS power subsystem d e s c r i p t i o n . -  A s  shown i n  f i g u r e  66 t h e  
BVS i s  equ ipped  wi th  a s i l v e r - z i n c  b a t t e r y  supplemented by solar 
c e l l  p a n e l s .  The s o l a r  c e l l s  a re  uniform- d i s t r i b u t e d  on t h e  
p e r i m e t e r  of t h e  gondola and a re  used t o  c h a r g e  t h e  b a t t e r y  d u r -  
i n g  p e r i o d s  when peak loads  a r e  n o t  p r e s e n t .  The c a p a c i t y  of 
t h e  s o l a r  c e l l  p a n e l s  i s  based on computed l i g h t  v a l u e s  e s t i m a t e d  
t o  ex i s t  i n  t h e  c l o u d s .  A s  l ong  as s u n l i g h t  i s  a v a i l a b l e ,  ope ra -  
t i o n  w i l l  b e  from t h e  s o l a r  c e l l / b a t t e r y  combinat ion.  A f t e r  the 
s t a t i o n  d r i f t s  a c r o s s  t h e  t e r m i n a t o r ,  o p e r a t i o n  can  s t i l l  be  
c a r r i e d  o u t  f o r  an a d d i t i o n a l  p e r i o d  of two o r b i t s  of t h e  s p a c e -  
c r a f t .  
The equipment,  t o g e t h e r  w i t h  e s t i m a t e d  we igh t s  and develop-  
ment s t a t u s ,  i s  l i s t e d  i n  t a b l e  57. The we igh t s  do n o t  i n c l u d e  
s u p p o r t s  o r  w i r i n g  and c o n n e c t i o n s ,  An i t e m  of major i n t e r e s t  
i s  t h e  development of s t e r i l i z e d  s i l v e r - z i n c  b a t t e r i e s  p r e s e n t l y  
b e i n g  c a r r i e d  o u t  by  JPL. E a r l y  i n  t h i s  program, i t  was con- 
c l u d e d  t h a t  t h e  then  e x i s t i n g  b a t t e r i e s  would n o t  perform s a t i s -  
f a c t o r i l y  a f t e r  h e a t  s t e r i l i z a t i o n  because  t h e  materials used 
f o r  p l a t e  s e p a r a t o r s  degraded s e v e r e l y ,  Programs have been car -  
r i e d  o u t  on t h e  s y n t h e s e s  of h e a t - s t e r i l i z a b l e  s e p a r a t o r  mate- 
r i a l s .  Other s t u d i e s  i n  e l e c t r o c h e m i s t r y ,  c e l l  f a b r i c a t i o n ,  and 
s e a l i n g  are  a lmos t  completed.  C u r r e n t l y  underway a re  f o u r  h a r d -  
ware t a s k s :  
1) A 5 A-h h igh  impact c e l l ;  
2 )  120 W-h and 600 W-h h i g h  impact ,  f o u r - c y c l e - l i f e  
3 )  A 1200 W-h secondary b a t t e r y ;  
b a t t e r i e s  ; 







TABLE 57.- BVS POWER SUBSYSTEM 
I t e m  
Ag - Zn b a t  t er y 
S o l a r  p a n e l s  
I s o l a t i n g  d iodes  
Charger  
Undervol tage  s e n s o r  and SCR 
Power t r a n s f e r  s w i t c h  
Power c o n t r o l  module 
Aux i 1 i a  r y e q u i  pment 
T o t a l  
~ ~~~ 











S t a t u s  
~ ~ ~~ 
Under development 
C u r r e n t  t echno logy  
Ava i l a b  1 e 
C u r r e n t  t echno logy  
Cur ren t  t echno logy  
Ava i 1 ab 1 e 
C u r r e n t  t echno logy  
C u r r e n t  t echno  1 og y 
It  i s  a n t i c i p a t e d  t h a t  t h e  r equ i r emen t s  of t h e  secondary  b a t -  
t e r y  w i l l  p r e s e n t  d i f f e r e n t  t e c h n o l o g i c a l  problems from t h a t  of  
t h e  f o u r - c y c l e - l i f e  b a t t e r y .  Consequent ly  t h i s  t a s k  i s  programed 
f o r  a much longer  development t i m e .  
t o  have completed development by  mid-1970. 
I t e m  3) above may b e  e x p e c t e d  
Power r equ i r emen t s  imposed on t h e  BVS power subsystem by t h e  
sequence  of e v e n t s  are shown i n  t a b l e  58 t o g e t h e r  w i t h  a computa- 
t i o n  of t h e  energy  needs .  The ene rgy  r equ i r emen t s  f o r  t h e  i n -  
i t i a l  o r b i t ,  composed of t h e  t r a n s m i s s i o n  p e r i o d  through e n t r y ,  
a d a t a  accumula t ion  p e r i o d  and t r a n s m i s s i o n  of t h e s e  d a t a ,  a r e  
262.39 W-h. Subsequent o r b i t s  composed of a d a t a  accumula t ion  
p e r i o d  fo l lowed  by  t h e i r  t r a n s m i s s i o n  r e q u i r e  204.97 W-h. A p r o -  
f i l e  f o r  t h e  i n i t i a l  regime i s  shown i n  f i g u r e  67.  
Mechaniza t ion  Options and R a t i o n a l e  f o r  B a s e l i n e  S e l e c t i o n :  
Opt ions  which have been p r e v i o u s l y  c o n s i d e r e d  f o r  supp ly ing  power 
t o  t h e  BVS i n c l u d e  u s e  of b a t t e r i e s ,  r a d i o i s o t o p e  t h e r m o e l e c t r i c  
g e n e r a t o r s  (RTG) and s o l a r  c e l l  sys t ems .  Miss ion  times w i t h  a n  
a l l - b a t t e r y  system a r e  l i m i t e d  t o  a few days because  t h e  b a t t e r y  
i s  a f i n i t e  energy  source  and we igh t  a l l o c a t i o n s  a r e  l i m i t e d .  
The RTG and s o l a r  c e l l s ,  be ing  power s o u r c e s ,  have  t h e  c a p a b i l i t y  
of p r o v i d i n g  f o r  ex tended  p e r i o d s  of o p e r a t i o n .  Recent  s t u d i e s  
i n d i c a t e  t h a t  l i g h t  i n t e n s i t i e s  i n  t h e  Venusian c l o u d s  are h i g h e r  
t h a n  p r e v i o u s l y  assumed. Conf i rmat ion  of t h i s  f i n d i n g  would g i v e  
a d e c i d e d  advan tage  t o  a s o l a r  c e l l  subsystem from t h e  s t a n d p o i n t  
of s p e c i f i c  weight .  
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T a b l e  58 .  - SEQUENCE OF BVS POWER REQUIREMENTS, ORBITAL MISSION 
Time 
E - 5 t o  S t  + 1 
(07 :47)  
0 . 1 1 3  hr  
S t  + 1 t o  D - 0 
(14 :38)  
0 .244  h r  
D - 0 t o  D + 2:40 
(2  :40) 
0 .0445  h r  
D + 2:40 t o  D + 12:40 
0.167 h r  
(10 : O O )  
D + 12:40 t o  D + 1 h r  
0.788 h r  
(47 :20) 
D + 1 : O O : O O  t o  D + 1 :02 :10  
0.036 h r  
( a t  1 - h r  i n t e r v a l s )  
( m u l t i p l i e r  of 20) 
(02 : l o )  
D + 1:02:10 t o  D + 2 : O O : O O  
(57 :15)  
0 .955 h r  ( each  hour )  
D + 5:40:00 t o  D + 6:OO:OO 
0.33 h r  
(20 : O O )  
Equipment 
T r a n s m i t t e r  
DHS 
Ac c e 1 e r  ome t e r  
Programer 
BVS sequencer  




BVS sequence r  
Radar 
( 5  s e c  o u t  of 50 s e c )  
T r a n s m i t t e r  
DHS 
B io  l a b  
Mass s p e c t r o m e t e r  
Acc e l e  romet e r  
Programer 
BVS sequence r  
Radar 
(5  s e c  o u t  of 50 s e c )  
T r a n s m i t t e r  
DHS 
Bio l a b  
Programer 
BVS sequence r  
Bio l a b  
Acce lerometer  
Programer 
DHS 
Bio l a b  
S c i e n c e  
Programer 
Radar 
( 5  s e c  ou t  of 50 s e c )  
B io  l a b  
Programer 
Gas chromatograph  
Load, W 
67 
1 0 . 5  
2 . 1  
4 
2 
8 5 . 6  
67 
1 0 . 5  
2 . 1  
4 
2 
8 5 . 6  
20 
67 
10 .5  
1 
8 










84 .5  
1 
2 . 1  
7 . 1  
10 .5  
1.0 






















TABLE 58.- SEQUENCE OF BVS POWER REQUIREMENTS, ORBITAL MISSION - Concluded 
Time 
D + 6:OO:OO t o  D + 6:02:40 
(02 :40) 
0.045 h r  
(Also a t  1 2 ,  18, and 24 h r )  
D + 6 :02 :40 t o  D + ? :00 :00 
0.956 h r  
(Also a f t e r  1 2 ,  18, and 24 h r )  
5 .0  h r  
(57 : 2 0 )  
R - 5:OO:OO t o  R - 0 
R - 0 t o  R + 0O:lO:OO 
0.17 h r  
(10 : O O )  
R + 1O:OO t o  R + 1:30:00 
1 . 3 3  h r  
(1 :20 :OO) 
I n i t i a l  o r b i t  
L i s t e d  i t e m s  
Losses  6% 
T o t a l  
Subsequent  or b i t s  
L i s t e d  i t e m s  
Losses  6% 




Mass s p e c t r o m e t e r  
Gas chromatograph 
S c i e n c e  
Radar  
( 5  s e c  o u t  of 50 s e c )  
B i o  l a b  
Acce lerometer  
Programer 
I R e c e i v e r  De t e c  t o r  Decoder 
T r a n s m i t t e r  
DHS 
Programer 
Bio  l a b  
Doppler  
R e c e i v e r ,  e t c ,  
Radar 
(2-5 s e c  p u l s e s )  
B i o  l a b  
Doppler  
R e c e i v e r ,  e t c  . 










2 . 1  
4 




1 0 . 5  
4 .0  
1 .0  





1 . 5  
5 
4 
1 1 . 5  
Energy,  W-h 
7.09  
.11 












-Y t7z + a 
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A n e t  o u t p u t  of 12 W from t h e  s o l a r  c e l l  p a n e l s  w i l l  supp ly  
t h e  ene rgy  requi rements  f o r  o r b i t s  r e q u i r i n g  204.97 W-h. Dur ing  
peak l o a d  p e r i o d s ,  power i s  s u p p l i e d  from t h e  b a t t e r y ,  o t h e r w i s e  
t h e  s o l a r  c e l l  pane l s  supp ly  t h e  loads  a s  w e l l  as r e p l e n i s h  t h e  
b a t t e r y ' s  c h a r g e ,  The s o l a r  c e l l  pane l  i s  equipped w i t h  i s o l a t i n g  
d iodes  and w i r i n g ,  which i n t r o d u c e  a 3% l o s s .  The lo s s  i n  t h e  
b a t t e r y  SCR, which swi t ches  t h e  b a t t e r y  t o  t h e  load ,  i s  t a k e n  a t  
3% a l s o ,  w h i l e  w i r i n g  and s w i t c h i n g  l o s s e s  i n  t h e  power c o n t r o l  
are  t aken  a t  6%. During c h a r g i n g  t h e  b a t t e r y  i s  i s o l a t e d  from 
t h e  b u s  by t h e  SCR. Th i s  r educes  t h e  v o l t a g e  swing on t h e  main 
bus by a l l o w i n g  t h e  b a t t e r y  d i s c h a r g e  v o l t a g e  t o  b e  s e t  near  t h e  
o u t p u t  v o l t a g e  of t h e  s o l a r  c e l l  p a n e l .  It does r e q u i r e ,  though,  
t h a t  t h e  c h a r g e r  i n c o r p o r a t e  a v o l t a g e  s t e p u p  f e a t u r e  i n  i t s  d e -  
s i g n ,  I t s  e f f i c i e n c y  i s  assumed a s  0 .85.  These c o n s i d e r a t i o n s  
r e s u l t  i n  t h e  fo l lowing  v a l u e s ,  as t aken  a t  t h e  main bus :  
1) Energy s u p p l i e d  from b a t t e r y  t o  bus - 35.2 W-h; 
2) Energy s u p p l i e d  t o  c h a r g e r  - 59.2 W-h; 
3 )  Energy s u p p l i e d  t o  power c o n t r o l  by s o l a r  p a n e l s  - 
4)  T o t a l  energy  s u p p l i e d  per  o r b i t  - 230.07 W-h. 
170.87 W-h; 
Th i s  q u a n t i t y  of energy  can  b e  s u p p l i e d  by t h e  s o l a r  pane l s  i n :  
230.07 W-h = 19.2 hr 
1 2  w 
which r e s u l t s  i n  s u f f i c i e n t  margin f o r  a 25-hr o r b i t .  
With an  a v a i l a b l e  s o l a r  c e l l  a r e a  of 11.5 s q  f t ,  a r e q u i r e -  
ment of 12 W would n e c e s s i t a t e  o n l y  a n  o u t p u t  of 1 .04  W/sq f t  
from t h e  p a n e l .  A t  E a r t h ,  an  o r i e n t e d  s o l a r  pane l  i s  c a p a b l e  
of 10 W/sq f t .  I n  t h e  c l o u d s  of Venus, t h e  l i g h t  w i l l  b e  d i f f u s e d  
and a l l  s o l a r  c e l l s  w i l l  b e  a c t i v e .  Based on p r e s e n t  t e n t a t i v e  
i n f o r m a t i o n  on a v a i l a b l e  l i g h t  i n t e n s i t i e s ,  it i s  expec ted  t h a t  
o p e r a t i o n  of t h e  BVS, from t h e  power subsystem s t a n d p o i n t ,  w i l l  
b e  s u s t a i n e d  f o r  a s u b s t a n t i a l  p o r t i o n  of t h e  d i s t a n c e  from t h e  
s u b s o l a r  p o i n t  t o  t h e  t e r m i n a t o r .  
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A e r o s h e l l  Power Subsystem f o r  t h e  O r b i t e r  Miss ion  
The arrangement  of t h i s  subsystem i s  shown i n  f i g u r e  66 and 
d e s c r i b e d  i n  t h e  BVS power subsystem s e c t i o n .  The s t e r i l i z e d  
s i l v e r - z i n c  b a t t e r y  s e r v e s  as t h e  ene rgy  s o u r c e  f o r  b o t h  t h e  
ae roshe l l -moun ted  equipment and f o r  t h e  BVS equipment up t o  
5 minu tes  b e f o r e  e n t r y .  The b a t t e r y  i s  c h a r g e d  d u r i n g  t r a n s i t  
by equipment mounted on t h e  a d a p t e r .  A t r a n s f e r  s w i t c h ,  a c t iva t -  
e d  by a d i s c r e t e  from t h e  s p a c e c r a f t  b e f o r e  s e p a r a t i o n ,  c o n n e c t s  
t h e  b a t t e r y  t o  t h e  subsystem. 
T a b l e  59 l i s t  t h e  sequence of e v e n t s  r e s u l t i n g  i n  power re- 
qu i r emen t s .  The ene rgy  r equ i r emen t  i s  33.56 W-h, and t h e  power 
p r o f i l e  i s  shown i n  f i g u r e  68. The i t e m s  making up t h e  power 
subsystem, t o g e t h e r  w i t h  their  development s t a t u s ,  are  t a b u l a t e d  
( t h e  w e i g h t s  do n o t . i n c l u d e  s u p p o r t s  o r  w i r i n g  and c o n n e c t o r ) .  
I t e m  Weight,  l b  S t a t u s  
Ag- Zn b a t t e r y  2.6 Under development 
T r a n s f e r  s w i t c h  1.0 Ava i l a b  1 e 
Power c o n t r o l  module 1 . 5  C omp on en t s dev e 1 oped 
I s o l a t i n g  d iodes  - 1.0 A v a i l a b l e  
T o t a l  6 .1  
BVS Power Subsystem f o r  t h e  Venus F l y b y  Miss ion  
The power subsystem f o r  t h e  BVS f l y b y  i s  s imi l a r  t o  t h e  o r -  
b i t e r  power subsystem, excep t  t h a t  no s o l a r  a r r a y  i s  used and t h e  
b a t t e r y  s i z e  i s  changed t o  m e e t  t h e  r e q u i r e m e n t s  of a d i f f e r e n t  
power p r o f i l e .  A b l o c k  diagram of the subsystem i s  shown i n  
f i g u r e  69. Equipment, e s t i m a t e d  w e i g h t s ,  and development s t a t u s  
are  t a b u l a t e d  ( t h e  we igh t s  do n o t  i n c l u d e  s u p p o r t s  o r  w i r i n g  
and c o n n e c t o r s ) .  
I tem Weight,  l b  S t a t u s  
Ag-Zn b a t t e r y  20.7 Under development 
I s o l a t i n g  d i o d e  .2 Avai l a b  l e  
Power t r a n s f e r  s w i t c h  1.0 Avai l a b  l e  
Power c o n t r o l  module - 3.0 C u r r e n t  technology 
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TABLE 5 9 .  - SEQUENCE OF AEROSHELL POWER REQUIREMENTS, ORBITAL MISSION 
Time 
~ _ _ _ _ _  ~~~~ ~ 
T - 0 S - 00:06:00 to T -t 5:OO 
(5 : O O )  
0 .083  hr 
T + 5 : O O  to T + 11:OO 
(06 :OO) 
0.1 hr 
T + 11:OO to T + 2 5 : 3 0  
( 1 4  : 3 0 )  
0 .242  hr 
T + 2 5 : 3 0  to T + 31:OO 
(05 :30) 
0 .092  hr 
T + 31:OO S + 0 0 : 2 5 : 0 0  to 
S + 1 0 : 1 9 : 3 7  
( 0 9  : 5 4 : 3 7 )  
9 .913 hr 
S + 1 0 : 1 9 : 3 7  to S + 1 0 : 2 4 : 3 7  
( 0 5  : O O )  
0.083 hr 
(E - 0 O : O O : O O )  
E - 0 O : O O : O O  to E + OO:O1:47 
(01 : 4 7 )  












Aeros he1 1 
Data subsystem 
Radar 
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4.0 
2 . 0  









3 . 0 9  
1 9 . 8 3  
.06 
31 .66  W-h 
1.90 W-h 



















Power r equ i r emen t s  imposed on t h e  BVS power subsystem by t h e  
sequence  of e v e n t s  a r e  shown i n  t a b l e  60 t o g e t h e r  w i t h  a computa- 
t i o n  of t h e  energy  needs .  A p r o f i l e  f o r  t h e  i n i t i a l  c y c l e  i s  
shown i n  f i g u r e  70.  The energy  r equ i r emen t s  f o r  a sequence of 
c y c l e s  t o t a l i n g  abou t  50 h r  i s  t a b u l a t e d .  
I t e m  -
I n i t i a l  c y c l e  
Subsequent c yc l e s  
( 3  a t  104.9 W-h) 
Cycles  w i t h  sonde sequence  
(2  a t  114.8 W-h) 
Energy,  W -h 
135.  a 
314.7 
229.6 
F i n a  1 t r ansmis  s ion  
1.06 (1.8 + 41.6)  W-h 46 .O 
T o t a l  726 .1  
A e r o s h e l l  Power Subsystem f o r  t h e  Venus F lyby  Miss ion  
The a e r o s h e l l  power subsystem f o r  t h e  Venus f l y b y  mis s ion  i s  
t h e  same a s  t h e  o r b i t e r  mi s s ion  excep t  f o r  t h e  power p r o f i l e  t h a t  
i s  shown i n  f i g u r e  7 1 .  A b l o c k  diagram i s  shown i n  f i g u r e  69 .  
The sequence of e v e n t s  r e s u l t i n g  i n  power r equ i r emen t s  i s  
l i s t e d  i n  t a b l e  61. The r e s u l t i n g  energy  r equ i r emen t s  a re  176.5  
W-h from t h e  b a t t e r y .  
A l i s t i n g  of t h e  i t e m s  making up t h e  power subsystem t o g e t h e r  
w i t h  development s t a t u s  and  weight  i s  t a b u l a t e d  ( t h e  we igh t s  do 
n o t  i n c l u d e  s u p p o r t s  o r  w i r i n g  and c o n n e c t o r s ) .  
- I t e m  Weight ,  l b  S t a t u s  
Ag- Zn b a t t e r y  8.4 Under development 
T r a n s f e r  s w i t c h  1 .o Avai lab  l e  
Power c o n t r o l  module 1 . 5  Components deve 1 oped 
I s o l a t i n g  d iodes  - . 4  A v a i l a b l e  
T o t a l  11.3 
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TABLE 6 0 . -  SEQUENCE OF BVS POWER REQUIREMENTS, FLYBY MISSION 
Time 
~~ 
2 + 0 0 : 0 1 : 0 9  t o  P + 00:01:00 
(00 :16 :17) 
3 .271  h r  
P + 0 :01: 
(00 :03 : O O )  
3.05 h r  
0 t o  + 4 :oo 
P + 0 0 : 0 4 : 0 0  t o  P + 0 0 : 2 4 : 0 0  
0.333 h r  
(00 :20 : O O )  
P + 0 0 : 2 4 : 0 0  t o  P + 0 0 : 2 4 : 0 5  
( 0 0 : 0 0 : 0 5 )  (Occurs o n l y  on 
0 .0014  h r  
P + 0 0 : 2 4 : 0 5  t o  P + 01:OO:OO 
0.600 h r  
i n i t i a l  c y c l e )  
(00 :35 : 5 5 )  
P + o1:oo:oo t o  P + 01:02:00 
(00 :02 : O O )  
0 .033 h r  
P + 01:02:00 t o  P + 01:05:00 
(00 :03 : O O )  
0 .05 h r  
Equipment 
3VS sequence r  
l e l a y  t r a n s m i t t e r  
IHS 
4c c e ler  ome t er 
P r e s s u r e  s e n s o r s  
rempera t u r e  s e n s o r s  
H,O s e n s o r  
L igh t  b a c k s c a t t e r  
S o l a r  a s p e c t  
i a d a r  a1 t ime t er 
DH S 
Senso r s  ( a s  above)  
!lass s p e c t r o m e t e r  
Gas chroma tog raph  
Mini b i o  l a b  
Radar a 1  timeter 
S-band r e c e i v e r  
S-band m o d u l a t o r / e x c i t e r  
Command d e t e c t o r  and decoder  
S-band power ampl i f  i e r  (warmup) 
DHS 
Sensor s  
Gas chromatograph  
Mini b i o  l a b  
Radar al t imeter 
S-band r e c e i v e r  
S-band modula tor  /exc  i ter  
Command d e t e c t o r  and decoder  
Power a m p l i f i e r  
DHS 
Gas chromatograph  
Mini b i o  l a b  
DHS (programer  o n l y )  
Mini  b i o  l a b  
Gas chromatograph  
DHS 
Sensor s  
Altimeter 
Gas chromatograph  
R e c e i v e r  
Command d e t e c t o r  
Mini  b i o  l a b  A 
DHS (programer o n l y )  
Min i  b i o  l a b  
R e c e i v e r  
Command d e t e c t o r  









3 .9  





8 .0  
6.0 
1 .0  
2.0 
2 . 5  
2.0 
7 .5  
2.0 
55 .9  
14.5 

















2 . 0  
1 . 0  
1 . 0  
2.5 























TABLE 6 0 . -  SEQUENCE OF BVS POWER REQUIREMENTS, FLYBY MISSION - Cont inued  
Time 
P + 0 1 : 0 5 : 0 0  t o  P + 02:OO:OO 
3.915 h r  
(00 :55 : O O )  
P + 0 2 : 0 0 : 0 0  t o  P + 0 2 : 0 2 : 0 0  
P + 0 2 : 0 2 : 0 0  t o  P + 0 2 : 0 5 : 0 0  
P + 0 2 : 0 5 : 0 0  t o  P + 03:OO:OO 
P + 0 3  :00 :00 t o  P + 03 :02 :00 
P + 0 3 : 0 2 : 0 0  t o  P + 0 3 : 0 5 : 0 0  
P + 0 3 : 0 5 : 0 0  t o  P + 04:OO:OO 
P + 04:OO:OO t o  P + 0 4 : 0 2 : 0 0  
P + 0 4 : 0 2 : 0 0  t o  P + 0 4 : 0 5 : 0 0  
P + 0 4 : 0 5 : 0 0  t o  P + 05:OO:OO 
P + 05:OO:OO t o  P + 0 5 : 0 2 : 0 0  
P + 0 5 : 0 2 : 0 0  t o  P + 0 5 : 0 5 : 0 0  
P + 0 5 : 0 5 : 0 0  
P + 0 5 : 4 0 : 0 0  
( 0 0 : 3 5 : 0 0 )  
0 .583 h r  
P + 0 5 : 4 0 : 0 0  t o  P + 06:OO:OO 
0.333 h r  
(00 :20 : O O )  
P + 0 6 : O O : O O  t o  P + 06:OZ:OO 
0.033 h r  
(00 :02 : O O )  
P + 0 6 : 0 2 : 0 0  t o  P + 0 6 : 0 5 : 0 0  
P + 0 6 : 0 5 : 0 0  t o  P + 0 7 : O O : O O  
P + 07:OO:OO t o  P + 07:OZ:OO 
P + 0 7 : 0 2 : 0 0  t o  P + 0 7 : 0 5 : 0 0  
P + 0 7 : 0 5 : 0 0  t o  P + 08:OO:OO 
P + 08:OO:OO t o  P + 0 8 : 0 2 : 3 0  
( 0 O : O Z  : 3 0 )  
0.0417 h r  
Equipment 
DHS (programer. o n l y )  
M i n i  b i o  l a b  
Gas chromatograph  I C  
A s  i n  A 
A s  i n  
A s  i n  C 
A s  i n  A_ 
A s  i n  
A s  i n  C 
A s  i n  A 
A s  i n  g 
A s  i n  C 
A s  i n  A_ 
A s  i n  g 
DHS (programer o n l y )  
M i n i  b i o  l a b  
Gas chromatograph  
DHS 
M i n i  b i o  l a b  
Gas chromatograph  
DHS 
S e n s o r s  
Mass s p e c t r o m e t e r  
Gas chromatograph  
Mini  b i o  l a b  
Radar  a l t i m e t e r  
R e c e i v e r  
Command d e t e c t o r  
A s  i n  g 
A s  i n  C 
A s  i n  A 
A s  i n  g 
A s  i n  C 
DHS 
S e n s o r s  
Mass s p e c t r o m e t e r  
Gas chroma t o g r a p h  
M i n i  b i o  l a b  
Radar a l t i m e t e r  
S-band r e c e i v e r  
S-band m o d u l a t o r / e x c i t e r  
Command d e t e c t o r  and  decoder  
S-band power a m p l i f i e r  (warmup) 
Load, W 






6 . 0  
32 .9  
10.0 
6 . 0  





4 .0  
1.0 




14 .5  
1 0 . 4  
8 . 0  
6 .0  
1.0 
2.0 
2 . 5  
1.5 






1 4 . 5  
1 0 . 4  
8 .0  
1.0 
1.0 
2 . 0  
2 . 5  
2.0 






5 . 5  
1.1 
.5 
5 .5  
1.1 
.5 







3 .7  
1 . 5  
.5 
5 . 5  
1.1 
.5 
5 .5  
1 .8  
1 9 1  
TABLE 6 0 . -  SEQUENCE OF BVS POWER REQUIREMENTS, FLYBY MISSION - Concluded 
Time 
P + 08:02:30 t o  P + 0 8 : 2 2 : 3 0  
0 .333  h r  
(00 :20 : O O )  
I n i t i a l  c y c l e  
L i s t e d  i t e m s  
L o s s e s  6% 
T o t a l  
Subsequent  c y c l e s  
L i s t e d  i t e m s  
L o s s e s  6% 
T o t a l  
X f 00 :00 :00 t o  X + 00 :36 :00 
(36 : O O )  
0 . 6  h r  
T o t a l  
T o t a l  
Equipmen t 
DHS 
S e n s o r s  
A l t i m e t e r  
Mini  b i o  l a b  
S-band r e c e i v e r  
Command d e t e c t o r  
Command decoder  
S-band m o d u l a t o r / e x c i t e r  
S-band power a m p l i f i e r  
Gas chromatograph  
F o r  Sonde Sequence 
DHS 
Sonde r e c e i v e r  
B i t  s y n c h r o n i z e r  
Subs e quen t c yc 1 es i n c l u d i n g  
s o n d e  s e q u e n c e  
L i s t e d  i t e m s  
Losses  6% 
Load, W 
14.5 
10 .4  
2 . 0  
1 . 0  
2 . 5  
1 . 5  
6.0 
2.0 
8 4 . 0  
124.9 
1.0 
13 .5  
1 .0  
1.0 
1 5 . 5  
-
Energy , W-h 
41.6 




104 .9  
5.9 
9.3 
108 .3  
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BVS Power Subsystem f o r  t h e  Venus/Mercury F lyby  Miss ion  
Requirements  a r e  s i m i l a r  t o  t h o s e  f o r  t h e  Venus f l y b y  m i s s i o n ,  
excep t  t h a t  a v e r a g e  power r equ i r emen t s  are h i g h e r .  
The equipment i s  shown i n  f i g u r e  6 9 .  It i s  t h e  same a s  tha t  
f o r  t h e  Venus f l y b y  mis s ion  excep t  f o r  b a t t e r y  c a p a c i t y .  The 
s i l v e r - z i n c  b a t t e r y  i s  s i z e d  t o  s u p p o r t  a b a s i c  50-hr m i s s i o n .  
N o  o p t i o n  t o  u s e  s o l a r  ene rgy  i s  a v a i l a b l e  f o r  t h i s  m i s s i o n  be -  
c a u s e  t h e  s t a t i o n  i s  deployed on t h e  d a r k  s i d e  of t h e  p l a n e t .  
E s t i m a t e s  of weight  and development s t a t u s  a r e  t a b u l a t e d .  
- I t e m  Weight,  l b  S t a t u s  
Ag-Zn b a t t e r y  28.2 Under dev e 1 o pmen t 
I s o l a t i n g  d iode  .2  Ava i l a b  1 e 
Power t r a n s f e r  s w i t c h  1.0 Avai  l a b  l e  
Power c o n t r o l  module - 3.0 Cur r en t t ec hn o 1 og y 
T o t a l  32.4 
Power r equ i r emen t s  imposed upon t h e  BVS power subsystem b y  
t h e  sequence  of e v e n t s  a r e  shown i n  t a b l e  6 2  t o g e t h e r  w i t h  a 
computa t ion  of t h e  ene rgy  needs .  A power p r o f i l e  f o r  t h e  i n i t i a l  
c y c l e  is shown i n  f i g u r e  7 2 .  Wiring  and s w i t c h i n g  l o s s e s  i n  t h e  
power c o n t r o l  a r e  t aken  as 6% of t h e  d e l i v e r e d  power. The t o t a l  
ene rgy  r equ i r emen t s  f o r  a sequence  t o t a l i n g  a b o u t  50 h r  a r e  t a b u -  
l a t e d .  
I t e m  
I n i t i a l  c y c l e  
Subsequent  c y c l e s  
( 3  a t  104.6 W-h) 
Cycles  w i t h  sonde sequence 
(2  a t  114.5 W-h) 
F i n a l  t r a n s m i s s i o n  
1.06 (1 .8  -k 41.6)  W-h 
T o t a l  







TABLE 6 2 .  - SEQUENCE OF BVS POWER REQUIREMENTS, VENUS/MERCURY 
Time 
E + 0 0 : 0 1 : 2 5  t o  P + 0 O : O l : O O  
(00 :16 :01) 
0.27 h r  
P + 0 O : O l : O O  t o  P + 0 0 : 0 4 : 0 0  
(00 :03  : O O )  
0 .05  h r  
P + 00:04:00  t o  P + 0 0 : 2 4 : 0 0  
0.333 h r  
(00 :20  : O O )  
P + 0 0 : 2 4 : 0 0  t o  P + 0 0 : 2 4 : 0 5  
(00 :00 : 0 5 )  
0 . 0 0 1 4  h r  
P + 0 0 : 2 4 : 0 5  t o  P + 01:OO:OO 
(00 : 3 5  : 5 5 )  
0 .600 h r  
P + o1:oo:oo t o  P + 0 1 : 0 2 : 0 0  
(00 :02  : O O )  
0 .033  h r  
P + 0 1 : 0 2 : 0 0  t o  P + 0 1 : 0 5 : 0 0  
(00 :03 : O O )  
0.05 h r  
Equipment 
BVS sequence r  
DHS 
Accelerometer  
P r e s s u r e  s e n s o r s  
Tempera ture  s e n s o r s  
H,O s e n s o r  
L i g h t  b a c k s c a t t e r  
S o l a r  a s p e c t  
Radar  altimeter 
S-band r e c e i v e r  
S-band mod/exci ter 
S-band power a m p l i f i e r  
(Occurs on ly  on i n i t i a l  c y c l e )  
DHS 
Sensor s  ( a s  above)  
Mass s p e c t r o m e t e r  
Gas chroma tog raph  
Min i  b i o  l a b  
Radar  a1 t i m e t e r  
S-band r e c e i v e r  
S -band modula tor  / exc i ter 
Command d e t e c t o r  and  decoder  
S-band power a m p l i f i e r  
(Occurs o n l y  on i n i t i a l  c y c l e )  
DHS 
Sensor s  
Gas chromatograph  
Min i  b i o  l a b  
Radar a l t i m e t e r  
S-band r e c e i v e r  
S-band m o d u l a t o r / e x c i t e r  
Command d e t e c t o r  and  decoder  
Power a m p l i f i e r  
DHS 
Gas chromatograph  
Min i  b i o  l a b  
(Occurs on ly  on i n i t i a l  c y c l e )  
DHS (programer o n l y )  
Min i  b i o  l a b  
Gas chromatograph  
DHS 
Sensor s  
A 1  t i m e  t e r  
Min i  b i o  l a b  
Gas chromatograph  
Rec e i v e r  
Command d e t e c t o r  
DHS (programer o n l y )  
Min i  b i o  l a b  
Gas chromatograph 
R e c e i v e r  






14 .5  
2 . 1  
2 .8  
2 . o  
0 . 4  
3 . 9  
1 . 3  
2 .o 
2 .5  
2 . 0  
-19.5 
14 .5  
1 0 . 4  
8 . 0  
6.0 
1 . 0  
2 .0  
2 .5  
2.0 
7 . 5  
-37 .9  
14.5 
1 0 . 4  
6 . 0  
1 .0  
2 .0  
2 . 5  
2 .0  
7 .5  
t29.9 
14 .5  
6 . 0  
1.0 
2 1 . 5  
4 .0  
1 .0  
1.0  
6 .0  
14 .5  
1 0 . 4  
2 .0  
1 . 0  
1.0 
2 .5  






1 .0  




Energy ,  W-h 
32.3 
6 . 9  
4 3 . 3  
.03 
3 .6  
1.1 
. 5  
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TABLE 6 2 . -  SEQUENCE OF 
Time 
BVS POWER REQUIREMENTS, VENUS/MERCURY 
Equipment 
DHS (programer o n l y )  
Min i  b i o  l a b  
Gas chromatograph I s  
A s  i n  A 
A s  i n  C 
A s  i n  & 
A s  i n  C 
A s  i n  A_ 
A s  i n  C 
A s  i n  & 
A s  i n  
A s  i n  
A s  i n  
A s  i n  
DHS (programer o n l y )  
Mini  b i o  l a b  
Gas chromatograph 
DHS 




Mass s p e c t r o m e t e r  
Gas chromatograph 
M i n i  b i o  l a b  
Rada r  al t imeter 
Command d e t e c t o r  
1 R e c e i v e r  
A s  i n  g 
A s  i n  C 
A s  i n  A 
A s  i n  C 




Mini  b i o  l a b  
' S-band r e c e i v e r  
, Radar  a l t i m e t e r  
S-band modulator  / e x i t  er 
S-band power a m p l i f i e r  (warmup) 
Command d e t e c t o r  and decoder  
(Occurs  o n l y  on f i n a l  c y c l e )  
P + 0 1 : 0 5 : 0 0  t o  P + 02:OO:OO 
0 .915  h r  
(00 :55 : O O )  
- Cont inued  
Load, W Energy,  W-h 
4.0 
1 .0 
6 .O 5 . 5  
1.0 
32 .9  1.1 
10.0 .5 
6 . 0  5.5 
32 .9  1 . 1  
10.0 .5  
6 .0 5.5 
32 .9  1.1 
10 .o .5  
6.0 5 .5  
32.9 1.1 
10.0 .5  
4 .0  
1 .0  
1.0 
6 . 0  3 . 5  
4.0 
1.0 





10 .4  
8 . 0  
6 . 0  
1.0 
2 .o 
2 . 5  
1 . 5  -- 
4 5 . 9  1 . 5  




6 .0  5.5 





2 . 5  
2.0 
7 .5  - 2.0 
42.9 1.8 
P + 0 2 : 0 0 : 0 0  t o  P + 0 2 : 0 2 : 0 0  
P + 0 2 : 0 2 : 0 0  t o  P + 0 2 : 0 5 : 0 0  
P + 0 2 : 0 5 : 0 0  t o  P + 03:OO:OO 
P + 03:OO:OO t o  P + 0 3 : 0 2 : 0 0  
P + 03 :02 :00 t o  P + 0 3  :05 :00 
P + 0 3 : 0 5 : 0 0  t o  P + 04:OO:OO 
P + 04:OO:OO t o  P + 0 4 : 0 2 : 0 0  
P + 0 4 : 0 2 : 0 0  t o  P + 0 4 : 0 5 : 0 0  
P + 0 4 : 0 5 : 0 0  t o  P + 05:OO:OO 
P + 05:OO:OO t o  P + 0 5 : 0 2 : 0 0  
P + 0 5 : 0 2 : 0 0  t o  P + 0 5 : 0 5 : 0 0  
P + 0 5 : 0 5 : 0 0  t o  P + 0 5 : 4 0 : 0 0  
0 .583  h r  
(00 :35 :OO) 
P + 0 5 : 4 0 : 0 0  t o  P + 06:OO:OO 
0 .333  h r  
(00 :20 :OO) 
P + 06:OO:OO t o  P + 0 6 : 0 2 : 0 0  
0 ,033  h r  
(00 :02 :OO) 
P + 0 6 : 0 2 : 0 0  t o  P + 0 6 : 0 5 : 0 0  
P + 0 6 : 0 5 : 0 0  t o  P + 07:OO:OO 
P + 07:OO:OO t o  P + 0 7 : 0 2 : 0 0  
P + 0 7 : 0 2 : 0 0  to P + 0 7 : 0 5 : 0 0  
P + 0 7 : 0 5 : 0 0  t o  P + 08:OO:OO 
P + 08:OO:OO t o  P + 0 8 : 0 2 : 3 0  
(00 :02 :30 )  
0.0417 h r  
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TABLE 6 2 .  - SEQUENCE OF BVS POWER REQUIREMENTS, VENUSfMERCURY - Concluded 
Time 
P + 0 8 : 0 2 : 3 0  t o  P + 0 8 : 2 2 : 3 0  
0 .333  h r  
(00 :20 :OO)  
X + 0 O : O O : O O  t o  X + 0 0 : 3 6 : 0 0  
(36 :OO) 
0.6  h r  
Equipment 
DHS 
Senso r s  
A 1  t ime ter  
N i n i  b i o  l a b  
S-band r e c e i v e r  
Command d e t e c t o r  
Command decoder  
S-band modula tor  / exc  i t e r  
S-band power a m p l i f i e r  
Gas chromatograph  
(Occurs o n l y  on f i n a l  c y c l e )  
I n i t i a l  c y c l e  
L i s t e d  i t e m s  
Losses  6 %  
T o t a l  
Subsequent  c y c l e s  
L i s t e d  i t e ,n s  
Losses  6% 
For sonde  sequence  
DlIS 
Sonde r e c e i v e r  
B i t  s y n c h r o n i z e r  
T o t a l  
Subsequent  c y c l e s  i n c l u d i n g  sonde  
sequence  
L i s t e d  i t e m s  
Losses  6% 
T o t a l  
Load, W 






6 . 0  
2.0 
84 .0  
1 .0  
124.9 
_ -  
13.5 
1 . 0  
15 .5  
1.0 
Energy ,  W-h 
41.6  
137..9 






9 . 3  
108.0 
6 . 5  
114 .5  
199 
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A e r o s h e l l  Power Subsystem 
The b l o c k  diagram f o r  t h i s  subsystem i s  shown i n  f i g u r e  69. 
The subsystem i s  t h e  same as t h e  subsystem f o r  t h e  f l y b y  m i s s i o n  
e x c e p t  f o r  the power p r o f i l e .  
The sequence of e v e n t s  r e s u l t i n g  i n  power r equ i r emen t s  i s  
l i s t e d  i n  t a b l e  63. T h i s  r e s u l t s  i n  ene rgy  r equ i r emen t s  of 
254.8 W-h from t h e  b a t t e r y .  
The r e s u l t i n g  power p r o f i l e  i s  shown i n  f i g u r e  7 3 .  A l i s t i n g  
of t h e  i tems making up t h e  power subsystem t o g e t h e r  w i t h  deve lop -  
ment s t a t u s  i s  t a b u l a t e d .  
- I t e m  Weight,  l b  S t a t u s  
Ag - Zn b a t t e r y  11.3 Under development 
T r a n s f e r  s w i t c h  1 .0  Avai l a b  l e  
Power c o n t r o l  module 1.5 Components deve 1 oped 
I s o l a t i n g  d i o d e s  - .4 A v a i l a b l e  
T o t a l  14.2 
BVS P y r o t e c h n i c s  f o r  the O r b i t a l  Miss ion  
P y r o t e c h n i c  a s s e m b l i e s  a re  r e q u i r e d  f o r  t h e  BVS gondola and 
the i n f l a t i o n  system. C a p a c i t o r s  are u s e d  f o r  energy s t o r a g e  
and s o l i d - s t a t e  s w i t c h e s  f o r  s a f e / a r m  and f i r i n g  f u n c t i o n s .  Re- 
qu i r emen t s  f o r  t h e  p y r o t e c h n i c  subsystem are  l i s t e d  i n  t a b l e  64 .  
A schemat i c  ( t y p i c a l  f o r  t h e  p y r o t e c h n i c  subsystem) i s  shown 
i n  f i g u r e  7 4 .  Power i s  r e c e i v e d  from t h e  power subsystem, and  
c o n t r o l  s i g n a l s  are r e c e i v e d  from t h e  sequenc ing  subsystem. 
C a p a c i t o r  a s s e m b l i e s  p r o v i d e  t h e  energy s t o r a g e  f o r  f i r i n g  b r i d g e -  
wires and c h a r g e  c u r r e n t  l i m i t i n g  r e s i s t o r s  r e s t r i c t  the i n s t a n -  
t aneous  l o a d  on the power bus.  Safe/arm s w i t c h e s  a re  sequenced 
s o  t h a t  no f u n c t i o n s  are  armed f o r  more than  1 minute  b e f o r e  f i r -  
i n g .  Up t o  f o u r  s q u i b  f i r i n g  c i r c u i t s  may b e  used wi th  one s a f e /  
a r m  switch.  A f t e r  a l l  p y r o t e c h n i c  f u n c t i o n s  i n  an e v e n t  a re  f i r e d ,  
t h e  s w i t c h e s  a r e  reset  t o  t h e  s a f e  p o s i t i o n ,  t h u s  opening the 
power c i r c u i t  and removing any l o a d  caused  by a b r i d g e w i r e  s h o r t .  
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TABLE 63.-  SEQUENCE OF AEROSHELL POWER REQUIREMENTS 
Time 
S - 0 0 : 0 5 : 0 0  to S + 0 0 : 1 3 : 0 0  
(00 :10 :OO) 
0 . 3  hr 
S + 0 O : O O : O l  to S + 0 0 : 1 4 : 5 8  
(00 :14 : 5 7 )  
0 .25 hr 
S + 0 0 : 1 3 : 0 0  to S + 0 0 : 1 5 : 0 0  
0 .03  hr 
(00 :02 :OO) 
S + 0 0 : 1 5 : 0 0  to S + 0 0 : 3 5 : 0 0  
0 .333  hr 
S + 0 0 : 3 5 : 0 0  to S + 6 7 : 5 3 : 0 0  
(67 :18 :OO) 
67.3 hr 
S + 6 7 : 5 3 : 0 0  to S + 6 7 : 5 5 : 0 0  
(00 :02 :OO) 
0 .03  hr 
S + 6 7 : 5 5 : 0 0  to S + 6 8 : 1 4 : 4 5  
(E + 0 0 : 0 1 : 2 5 )  
0 .33 hr 
E + 0 0 : 0 1 : 2 5  to E + 0 0 : 0 1 : 2 6  
0.0 hr 
(00 :20 :OO) 
(00 :19 : 4 5 )  
(00 :oo :01) 
Equipment 
A Aeroshell sequencer 
Aeroshell multiplexer/encoder 
Aer oshell transducer supply 
Aeroshell science (uv photometer) 
BVS temperature/pressure 




Same as A 
Receiver 
S-band modulator /exc i ter 
S-band power amplifier (warmup) 
C -
Same as B 
S-band power amplifier 
Aeroshell sequencer 
Same as B 
Same as C 
Aeroshell sequencer 
Aeroshell multiplexer/encoder 
Aeroshell transducer supply 






4 .0  
1.0 
5 .O 
10 .4  
2 . 1  









82 .0  
127.5 
-
2 .0  
45 .5  
127.5 
2.0 






6 . 6  
1 . 4  
42.5 
134.6 



















































I I I  
+ + +  
m w w  
Figure 73.- Power Profile, Venus/Mercury Flyby Mission, Aeroshell 
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TABLE 64.  - PYROTECHNIC REQUIREMENTS 
S q u i b - f i r i n g  h a r n e s s  connec t ing  t h e  d e v i c e s  t o  t h e  f i r i n g  u n i t  must meet 
t h e  f o l l o w i n g  r e q u i r e m e n t s :  
1) Continuous c i r c u m f e r e n t i a l  s h i e l d i n g  up t o  t h e  EED d e v i c e ;  
2)  Conductors  c a r r y i n g  s q u i b - f i r i n g  c u r r e n t  t o  b e  p h y s i c a l l y  
3 )  R a d i a t e d  power pickup on s q u i b  f i r i n g  l i n e s  t o  b e  reduced  
i s o l a t e d  from o t h e r  conduc to r s  ; 
by t w i s t i n g  and s h i e l d i n g  t h e  c o n d u c t o r s ;  r a d i a t i o n  p ickup 
c o n s i d e r a t i o n s  i n c l u d e  b r i d g e - t o - b r i d g e  and  b r i d g e - t o - c a s e  
modes as w e l l  a s  t h e  normal f i r i n g  mode, 
Components and d e s i g n  t echn iques  t o  b e  w i t h i n  s t a t e - o f - t h e - a r t  t echno logy  
and  proven th rough  u s e .  
Complete t e s t a b i l i t y  b e f o r e  b e i n g  committed t o  l aunch .  
Squibs  w i l l  n o t  f i r e  i f  1 A I 1  W i s  s i m u l t a n e o u s l y  a p p l i e d  t o  each  
b r i d g e w i r e  c i r c u i t .  
E l e c t r o e x p l o s i v e  d e v i c e s  w i l l  n o t  degrade  o r  b e  f i r e d  when exposed t o  
a n  r f  f i e l d  i n t e n s i t y  of 100 W/m2.  
Two b r i d g e w i r e s  used  f o r  each f u n c t i o n .  
P y r o t e c h n i c  subsys tem f i r i n g  power t o  b e  c o n t r o l l e d  by a s a f e l a r m  d e v i c e ,  
Redundant arming and  f i r i n g  c i r c u i t r y  t o  b e  used .  
N o  s i n g l e  or common f a i l u r e  mode ( i n c l u d i n g  p r o c e d u r a l  d e v i a t i o n )  s h a l l  
b o t h  a r m  and  command t h e  py ro techn ic  subsystem. 
Use s e p a r a t e  ene rgy  s o u r c e s  ( c a p a c i t o r s )  f o r  p y r o t e c h n i c  f i r i n g  i s o l a t e d  
from o t h e r  subsys tem u s e s .  
F i r i n g  ene rgy  t o  be  a minimum of 0.150 j o u l e s  p e r  b r idgewi re .  
1 2  sec minimum between r e u s e  of f i r i n g  ene rgy  s t o r a g e  c a p a c i t o r s .  
Components and  a s s e m b l i e s  s h a l l  w i t h s t a n d  d r y  h e a t  s t e r i l i z a t i o n .  
The c a p s u l e  component t empera tu res  w i l l  b e  c o n t r o l l e d  w i t h i n  t h e  f o l l o w i n g  
l i m i t s :  
O p e r a t i n g :  15 t o  140°F 
Non o p e r a t i n g :  -35 t o  160°F 
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I 
C a p a c i t o r  
assembly 
1 A  







F i r e  ~ SFC 
0 I 
+30 V 
F i r e  
Ant la  
S a f e  
Pyro techn ic  
d e v i c e  
Safe/arm ,~ 
I- s w i t c h  
d c  
n e g a t i v e  
I 
4 )  
I 
C a p a c i t o r  
assembly 
1 B  
1 
I 
F i g u r e  74.- T y p i c a l  P y r o t e c h n i c  Schematic 
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The diagram i n  f i g u r e  74 shows t h e  t y p i c a l  redundancy p ro -  
v i d e d  f o r  each  f u n c t i o n .  P a r a l l e l  c i r c u i t s  a r e  provided  from 
t h e  power subsystem through redundant  c a p a c i t o r  a s s e m b l i e s ,  s a f e /  
a r m  s w i t c h e s ,  and s q u i b  f i r i n g  c i r c u i t s  t o  one of two s q u i b s  i n  
each  py ro techn ic  dev ice .  G e n e r a l l y ,  two s q u i b s  w i t h  one b r i d g e -  
w i r e  each  are used  f o r  each  f u n c t i o n .  With t h i s  a r rangement ,  t h e  
p rope r  f u n c t i o n i n g  of  e i t h e r  c i r c u i t  b ranch  w i l l  f i r e  a l l  as- 
s o c i a t e d  py ro techn ic  d e v i c e s .  
The c a p a c i t o r  assembly  c h a r g i n g  i s  i n i t i a t e d  a t  power t r a n s -  
f e r  and ,  approx ima te ly  12 sec la te r ,  c a p a c i t o r s  a r e  r eady  f o r  u se .  
A minimum of 1 2  sec between subsequent  even t s  a l l o w s  t h e  c a p a c i t o r  
a s s e m b l i e s  t o  b e  r echa rged  and used a g a i n .  Each c a p a c i t o r  assembly  
p r o v i d e s  t h e  r e q u i r e d  energy  t o  f i r e  one b r i d g e w i r e  i n  a g iven  
e v e n t .  The e v e n t s ,  f u n c t i o n s ,  and r e q u i r e d  number of b r i d g e w i r e s  
are  t a b u l a t e d  f o r  t h e  py ro techn ic  subsystems i n  t ab le s  65 and  66. 
For  t h e  i n f l a t i o n  subsystem, even t  2 w i l l  e s t a b l i s h  t h e  number of 
a s s e m b l i e s  a t  6 ,  t h e  f i r i n g s  o c c u r r i n g  a t  i n t e r v a l s  of 2 s e c .  
The u s e  of an i n d i v i d u a l  c a p a c i t o r  assembly t o  f i r e  each  
b r i d g e w i r e ,  r a t h e r  t h a n  t h e  u s e  of a common c a p a c i t o r  bank e l i m i -  
n a t e s  t h e  need f o r  c u r r e n t  l i m i t i n g  r e s i s t o r s  i n  each b r i d g e w i r e  
c i r c u i t .  
Subsystem we igh t s . -  A l i s t i n g  of  components and a s s o c i a t e d  
we igh t s  f o r  each  of t h e  p y r o t e c h n i c  subsystems is given  i n  t a b l e  
67. I n  a d d i t i o n  t o  t h e s e  sys tems,  a c a b l e  c u t t e r  i s  needed t o  
r e l e a s e  t h e  pa rachu te  from t h e  b a l l o o n .  To a v o i d  long  w i r e  r u n s  
th rough  t h e  b a l l o o n ,  t h e  c a p a c i t o r s  w i l l  b e  charged  b e f o r e  b a l l o o n  
i n f l a t i o n .  A t i m e r  w i l l  p rov ide  t h e  d e l a y  f o r  release.  Weights 
of t h e s e  i t e m s  mounted on t h e  b a l l o o n  c a n i s t e r  cove r  a r e  t 'abulated.  
Weight T o t a l  
- I t e m  Q u a n t i t y  each ,  l b  we igh t ,  l b  
C a p a c i t o r  assembly 2 0.16 0.32 
Safe/arm s w i t c h  2 0.23 0.46 
Squib f i r e  s w i t c h  2 0.06 0.12 
0.50 
T o t a l  1.40 
-Timer 1 0.50 
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TABLE 65 . -  SEQUENCE OF EVENTS FOR PYROTECHNIC FUNCTIONS ON 
INFLATION SYSTEM (TANK TRUSS) ORBITAL MISSION 
T i m e ,  h r  : min: 
Func t ion  s ec  Br idgewi res  
A 
R e l e a s e  in s t rumen t  ree l  PP + 00:01:03 2 
Release drop  sonde C omman d 2 
Release drop  sonde C omman d 2 
Time ( T y p i c a l ) ,  
h r :  min: sec I Event  I Func t ion  I 
S e p a r a t e  subson ic  probe 
E x t r a c t  b a l l o o n  
I n f l a t e  b a l l o o n  
F i r e  f i r s t  i g n i t e r  
F i r e  second i g n i t e r  
Termina te  i n f l a t i o n  
Release i n f l a t i o n  sys tem 
S t  + 00:00:15 
PP + 0 0 : 0 0 : 0 2  
PP + 00:00:03 
PP + 00:00:05 
PP + 00 :00 :58 
PP + 00:00:60 
Br i d g e w i r e s  
TABLE 66.-  SEQUENCE OF EVENTS FOR PYROTECHNIC FUNCTIONS ON 




I n f l a t i o n  subsys  t e m  
C a p a c i t o r  assembly 
Sa fe / a rm s w i t c h  
Squib f i r e  s w i t c h  
I n t e r n a l  c a b l i n g  and connec to r s  
Pac ka g i n g  
T o t a l  
Sub t o t a l  
Gondola 
C a p a c i t o r  assembly 
Safe /a rm s w i t c h  
Squib f i r e  s w i t c h  
Sub t o  t a l  
I n t e r n a l  c a b l i n g  and c o n n e c t o r s  
Packaging  
T o t a l  








.ach, l b  




0 .23  
0 .06  
T o t a l  
we igh t ,  l b  
0 .96  
2.76 
0 .96  
4.68 
0 . 4 3  
1.18 




0 .46  
0.36 
1 . 1 4  
0.10 
0 .30  
1 . 5 4  
-
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A e r o s h e l l  P y r o t e c h n i c s  f o r  t h e  O r b i t a l  Miss ion  
The a e r o s h e l l  p y r o t e c h n i c  subsystem i s  i d e n t i c a l  t o  t h e  BVS 
subsystem i n  concep t .  The e v e n t s ,  f u n c t i o n s ,  and  r e q u i r e d  number 
of b r i d g e w i r e s ,  however, are  unique  and a r e  l i s t e d  i n  t a b l e  68. 
Event 2 w i l l  e s t a b l i s h  t h e  number of c a p a c i t o r  a s s e m b l i e s  re- 
q u i r e d .  Because some f i r i n g s  a r e  1 sec a p a r t ,  i n s u f f i c i e n t  t i m e  
i s  a v a i l a b l e  t o  a l l o w  f o r  r e c h a r g e ,  t h e r e f o r e ,  a t o t a l  of 12  
c a p a c i t o r  a s sembl i e s  are needed. The equipment r e q u i r e d  and 
e s t i m a t e d  we igh t s  are  t a b u l a t e d .  
Un i t  we igh t ,  
I t e m  Q u a n t i t y  l b  Weight ,  l b  
Capac i t  or  as s emb 1 y 1 2  0.16 1.92 
Saf elarm s w i t c h  20 0.23 4.60 
Squib f i r e  s w i t c h  48 0.06 2.88 
Sub t o t a  1 9.40 
I n t e r n a l  c a b l i n g  and 
connec to r s  
Pac ka g i n  g 




BVS Pyro techn ic  Subsystem f o r  t h e  Venus F lyby  Miss ion  
Requirements  f o r  t h e  BVS pyro techn ic  subsystem are t h e  same 
as t h o s e  f o r  t h e  o r b i t a l  mi s s ion  excep t  f o r  an i n c r e a s e d  q u a n t i t y  
of components. 
The e v e n t s ,  f u n c t i o n s  and r e q u i r e d  number of b r i d g e w i r e s  a r e  
t a b u l a t e d  f o r  t h e  gondola and i n f l a t i o n  subsystems i n  t ab l e s  69 
and 70 .  A f t e r  i n f l a t i o n  t h e  t a n k s  a r e  dropped from t h e  gondola .  
For  t h e  i n f l a t i o n  subsystem, even t  2 w i l l  e s t a b l i s h  t h e  number 
of c a p a c i t o r  a s sembl i e s  a t  8 ,  t h e  f i r i n g s  o c c u r r i n g  a t  i n t e r v a l s  
of 1 t o  2 s e c .  
Subsystem we igh t s  ..- A l i s t i n g  of components and  a s s o c i a t e d  
we igh t s  f o r  each of t h e  py ro techn ic  subsystems i s  g iven  i n  t a b l e  
7 1 .  
needed t o  release t h e  pa rachu te  from t h e  b a l l o o n .  Weights of  
t h e s e  i t e m s  mounted on t h e  b a l l o o n  c a n i s t e r  cove r  t o t a l  1 .4  l b  
as f o r  t h e  o r b i t a l  mi s s ion .  
I n  a d d i t i o n  t o  t h e s e  sys tems,  a c a b l e  c u t t e r  and  t i m e r  a re  
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TABLE 68.- SEQUENCE OF EVENTS FOR PYROTECHNIC FUNCTIONS ON AERO- 













F u n c t i o n  
S e p a r a t e  forwdrd b i o  c a n i s t e r  
S e p a r a t e  c a p s d l e  
s p i n u p  c a p s u l k  
Fire b i p r o p e l l a n t  module 
Shut down p r o p u l s i o n  
S e p a r a t e  p r o p u l s i o n  module 
Fire f o r  p a r t i a l  d e s p i n  
Deploy a f t e r b o d y  p a r a c h u t e  
Release a f  t e r b o d y  
Release BVS and s u b s o n i c  
probe from a e r o s h e l l  
T i m e ,  h r  : 
min: sec 
S - 0 0 : 0 4 : 0 0  
s -k 00 :oo :oo 
s + 00:00:01 
s + 00 :20 :oo 
S + 0 0 : 2 4 : 1 7  
S -t- 0 0 : 2 4 : 3 0  
S + 10:19:39 
E + 00 :01:15 
E + 00:01:31 
E + 0 0 : 0 1 : 4 7  











TABLE 69.-  SEQUENCE OF EVENTS FOR PYROTECHNIC SUBSYSTEM ON BVS, 
VENUS FLYBY 
Func t ion  
Time , h r  : 
min: s e c  
P i- 0 0 : 0 3 : 3 0  
C omman d 
Command 
TABLE 7 0 . -  SEQUENCE OF EVENTS FOR PYROTECHNIC SUBSYSTEM ON I N -  







Func t i o n  
S e p a r a t e  subson ic  probe 
E x t r a c t  b a l l o o n  
I n f l a t e  sock 
I n f l a t e  b a l l o o n  
Re lease  BVS c h u t e  
Terminate  i n f l a t i o n  
Re lease  i n f l a t i o n  system 
T o t a l  
T ime ,  h r  : 
min: s e c  
S t  + 00:00:15 
P + 00:00:02 
P + 0 0 : 0 0 : 0 3  
P + 00:00:05 
P + 00:00:27 
P + 0o:oo :59 
P + 0O:Ol :oo 











TABLE'71.-  BVS PYROTECHNIC SUBSYSTEM WEIGHT, VENUS FLYBY 
Item 
I n f l a t i o n  subsystem 
Capac i t  o r  assembly  
Safe /a rm s w i t c h  
Squib f i r e  s w i t c h  
I n t e r n a l  c a b l i n g  and 
P a c  ka g i n g  
S u b t o t a l  
c onnec t i  ons 
T o t a l  
Gondola 
C a p a c i t o r  assembly 
Safe/arm s w i t c h  
Squib f i r e  s w i t c h  
I n t e r n a l ' c a b l i n g  and 
Pa'c ka g i n  g 
S u b t o t a l  
connec t ions  
T o t a l  







Unit w e i g h t ,  
l b  
0.16 
0 . 2 3  
0.06 
0 .16  
0 . 2 3  
0.06 
Weight,  . l b  
1 .28  
2.30 
1 .32  
4 .90  
-
.49 










1 . 5 4  
-
A e r o s h e l l  P y r o t e c h n i c s  f o r  t h e  Venus F lyby  Miss ion  
Requirements  f o r  t h e  a e r o s h e l l  py ro techn ic  subsystem a r e  t h e  
same as t h o s e  of t h e  o r b i t a l  mi s s ion  w i t h  t h e  e x c e p t i o n  of e v e n t  
t i m i n g  and number of b r i d g e w i r e s .  
The e v e n t s ,  f u n c t i o n s ,  and r e q u i r e d  number of b r i d g e w i r e s  
f o r  t h e  py ro techn ic  subsystems a r e  l i s t e d  i n  t a b l e  72. Event  2 
e s t a b l i s h e s  t h e  number of c a p a c i t o r  a s sembl i e s  needed t o  b e  1 2 ,  
because  f i r i n g s  are 1 sec  a p a r t .  
The equipment r e q u i r e d  w i t h  a s s o c i a t e d  we igh t s  a r e :  
Un i t  w e i g h t ,  
I t e m  Q u a n t i t y  l b  Weight,  l b  -
C a p a c i t o r  assembly 1 2  0 .16  1 .92  
Saf elarm s w i t c h  18 0 . 2 3  4.14 
Squib f i r e  s w i t c h  42 0 .06  - 2.52  
S u b t o t a l  8 .58  
I n t e r n a l  c a b l i n g  and 
Pa c ka g i n g  
connec t  i o n s  
T o t a l  
.86 
3.00 
1 2 . 4 4  
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TABLE 7 2 . -  SEQUENCE OF EVENTS FOR PYROTECHNIC SUBSYSTEM ON AERO- 
SHELL, VENUS FLYBY 
Event  Func t ion  
S e p a r a t e  forward  b i o  c a n i s t e r  
S e p a r a t e  c a p s u l e  
Spinup c a p s u l e  
Pres s u r  i z  e p r  opu l s  i on  
I n i t i a t e  p r o p u l s i o n  s t a r t  
Shut down p r o p u l s i o n  
S e p a r a t e  p r o p u l s i o n  module 
Fire f o r  p a r t i a l  desp in  
Fire a f t e r b o d y  c h u t e  mor t a r  
S e p a r a t e  a f t e r b o d y  
S e p a r a t e  BVS 
T o t a l  
Time, h r  : 
min: s e c  
S - 0 0 : 0 4 : 3 9  
s - oo:oo:oo 
s + 00:00:01 
S + 0 0 : 1 9 : 5 0  
s + 0 0 : 2 0 : 0 0  
S + 0 0 : 2 1 : 3 4  
S + 0 0 : 2 1 : 3 9  
S + 5 2 : 5 4 : 3 4  
E + 0 0 : 0 0 : 5 6  
E + 0O:Ol:lO 
E + 0 0 : 0 1 : 2 6  
S t  - 00:00:0( 













BVS P y r o t e c h n i c s  f o r  t h e  Venus/Mercury Mission 
The BVS py ro techn ic  subsystem f o r  t h e  Venus/Mercury m i s s i o n  
i s  e s s e n t i a l l y  i d e n t i c a l  t o  t h a t  of t h e  Venus f l y b y  m i s s i o n .  
A e r o s h e l l  P y r o t e c h n i c s  f o r  t h e  Venus/Mercury Miss ion  
The Venus/Mercury py ro techn ic  subsystem requ i r emen t s  and 
c o n f i g u r a t i o n  are  t h e  same as t h o s e  f o r  t h e  o r b i t a l  mi s s ion  ex- 
c e p t  f o r  t h e  number of components r e q u i r e d .  
The e v e n t s ,  f u n c t i o n s ,  and r e q u i r e d  number of b r i d g e w i r e s  
f o r  t h e  p y r o t e c h n i c  subsystems are l i s t e d  i n  t a b l e  7 3 .  Event  2 
e s t a b l i s h e s  t h e  number of c a p a c i t o r  a s s e m b l i e s  needed as 10. 
2 1 1  
TABLE 7 3 . -  SEQUENCE OF EVENTS FOR PYROTECHNIC SUBSYSTEM ON AERO- 
~~ 
SHELL, VENUS/MERCURY M I S S I O N  
~~ ~ 
Event  Func t ion  
S e p a r a t e  forward  b i o  c a n i s t e r  
S e p a r a t e  c a p s u l e  
I n i t i a t e  c a p s u l e  ACS 
P r e s s u r i z e  d e f l e c t i o n  pro-  
I n i t i a t e  p ropu l s ion  s t a r t  
Shut  down p ropu l s ion  
S e p a r a t e  p r o p u l s i o n  module 
Termina te  e a p s u l e  ACS 
F i r e  f o r  p a r t i a l  desp in  
Deploy afterbody/BVS c h u t e  
S e p a r a t e  BVS and i n i t i a t e  
p u l s i o n  
t r u s s  sequencer  
T o t a l  
. . T i m e , -  hr : 
min : sec Br idgewi res  
S - 0 0 : 0 4 : 3 9  
s - oo:oo:oo 
s + 00:00:01 
S + 0 0 : 0 7 : 5 0  
S + 00:08:00 
S + 00:13:07 
S + 00:13:12 
S + 0 0 : 1 4 : 5 8  
S + 6 7 : 5 7 : 5 9  
E + 0 O : O l : l O  
E + 0 0 : 0 1 : 2 6  














The equipment r e q u i r e d  w i t h  a s s o c i a t e d  we igh t s  i r e  as t a b u -  
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The r equ i r emen t s  f o r  t h e  f l o t a t i o n  sys tem a r e  e s s e n t i a l l y  
i d e n t i c a l  f o r  t h e  t h r e e  m i s s i o n  modes under  c o n s i d e r a t i o n .  A l l  
m i s s i o n  modes c a l l  f o r  a b a l l o o n  of 18 f t  i n  d iameter  des igned  
t o  s u p p o r t  a suspended payload (gondola)  of approximate ly  175 l b  
a t  a nominal r a d i u s  of 6108 km. The b a l l o o n  i s  deployed and i n -  
f l a t e d  a t  a nominal dynamic p r e s s u r e  of 1 p s f .  For  two m i s s i o n s ,  
t h e  e n t r y  p o i n t  i s  on t h e  s u n l i t  s i d e  of t h e  t e r m i n a t o r ;  however,  
t h e  wind p a t t e r n  model i n d i c a t e s  t h e  b a l l o o n  w i l l  p robably  c r o s s  
t h e  t e r m i n a t o r  d u r i n g  i t s  l i f e t i m e .  The Venus/Mercury m i s s i o n  
r e q u i r e s  a dark  s i d e  e n t r y  and f l o t a t i o n .  
~ ~ ~~ _______~~ 
Because of t h i s  s i m i l a r i t y ,  a s i n g l e  b a s e l i n e  c o n f i g u r a t i o n  
i s  d e s c r i b e d  f o r  t h e  f l o t a t i o n  system. The concept  of  a d u a l -  
a l t i t u d e  mis s ion  i s  d i s c u s s e d  i n  Appendix E .  
The f l o t a t i o n  system c o n s i s t s  of t h e  pa rachu te  and i t s  a s s o -  
c i a t e d  hardware,  t h e  b a l l o o n ,  b a l l o o n  c a n i s t e r ,  b a l l o o n  c o n t r o l s ,  
and i n f l a t i o n  subsystem. 
The concept  of a f l o t a t i o n  system f o r  a Venus s c i e n t i f i c  s t a -  
t i o n  i s  f e a s i b l e ;  however, t h r e e  b a s i c  s u p p o r t i n g  r e s e a r c h  and 
t echno logy  programs are r e q u i r e d  t o  e s t a b l i s h  system d e s i g n ,  These 
i n c l u d e  a m a t e r i a l s  t e s t  and b a l l o o n  f a b r i c a t i o n  program, an i n f l a -  
t i o n  and deployment wind t u n n e l  t e s t  program, and an  a i r  d rop  system 
proof  t e s t  program. 
~ -~ ~- 
A b a l l o o n  dynamics program has  been used  t o  s t u d y  t h e  t i m e  
h i s t o r i e s  o f  t h e  pa rachu te  d e s c e n t  t r a j e c t o r y ,  t h e  b a l l o o n  i n -  
f l a t i o n  p r o c e s s ,  t h e  b a l l o o n  f l i g h t  r ecove ry  and s t a b i l i z a t i o n ,  
t h e  gas  tempera ture  and v e n t i n g  f u n c t i o n .  The program i s  p r e -  
s e n t e d  by a b lock  diagram i n  f i g u r e  75. The program i s  b a s i c a l l y  
made up of two p a r t s  -- t h e  b a l l o o n  thermodynamics and t h e  b a l -  
loon  motion dynamics.  The h e a t  f l u x  i n p u t s  from t h e  a tmosphere  
a l o n g  w i t h  a tmospher ic  p r o p e r t i e s  d e f i n e  t h e  b a l l o o n  l i f t  t h a t  
l a r g e l y  governs b a l l o o n  mot ion .  
The system motion i s  i n i t i a t e d  wh i l e  t h e  e n t r y  c a p s u l e  i s  
descend ing  on t h e  main p a r a c h u t e .  P r o v i s i o n  i s  made f o r  r e l e a s i n g  
t h e  a e r o s h e l l  and subson ic  probe a t  t h e  a p p r o p r i a t e  Mach numbers 
w h i l e  c o n t i n u i n g  t h e  pa rachu te  d e s c e n t .  A t  t h e  d e s i r e d  atmos-  
p h e r i c  p r e s s u r e ,  b a l l o o n  i n f l a t i o n  i s  i n i t i a t e d  by blowing down 
t h e  i n f l a t i o n  gas  t a n k s  th rough  a n  o r i f i c e  s i z e d  t o  i n f l a t e  t h e  
b a l l o o n  i n  a g i v e n  p e r i o d  of  t i m e .  The model drops  t h e  i n f l a t i o n  
t a n k s  and pa rachu te  s i m u l t a n e o u s l y ,  a prede termined  number of 
seconds  a f t e r  b a l l o o n  i n f l a t i o n  b e g i n s .  
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During t h e  blowdown p e r i o d ,  nominal ly  45 s e c  d u r a t i o n ,  t h e  
t empera tu re  of t h e  g a s  expanding i n t o  t h e  b a l l o o n  d rops  a p p r o x i -  
ma te ly  130°F below ambien t .  Heat t r a n s f e r  from t h e  atmosphere 
r a i s e s  t h e  b a l l o o n  t empera tu res  t o  n e a r  ambient .  Heat t r a n s f e r  
from t h e  atmosphere t o  t h e  b a l l o o n  gas due t o  a tmosphe r i c  r a d i a -  
t i o n ,  conduct ion ,  and convec t ion  i s  s i m u l a t e d  f o r  e i t h e r  above o r  
below c loud  l e v e l  o p e r a t i o n .  The e q u i l i b r i u m  f l o a t  phase i s  c a p a b l e  
of be ing  c loud  l e v e l  o p e r a t i o n  and i s  c a p a b l e  of b e i n g  d i s t u r b e d  by 
dropping  an in s t rumen ted  sonde o r  by v e r t i c a l  and h o r i z o n t a l  wind 
p e r t u r b a t i o n s ,  A v e n t i n g  system i s  inc luded  which o p e r a t e s  when 
t h e  b a l l o o n  s u p e r p r e s s u r e  i s  exceeded .  
The assumpt ions  used f o r  t h e  model are:  
1) The b a l l o o n  w i t h  i t s  a s s o c i a t e d  equipment i s  t r e z t e d  
a s  a r i g i d  body- w i t h  a p o i n t  mass;  
2 )  The b a l l o o n  i s  assumed t o  be a s p h e r e  w i t h  v a r y i n g  
d i ame te r  d u r i n g  i n f l a t i o n  and f l o a t  phases ;  
3 )  The d r a g  f o r c e s  on t h e  c h u t e ,  b a l l o o n ,  and a e r o s h e l l  
4 )  The f l i g h t p a t h  a n g l e  of t h e  e n t r y  v e h i c l e  i n  t h e  
always l i n e  up w i t h  t h e  r e l a t i v e  wind; 
Venus a tmosphere  i s  n e a r l y  90" below t h e  l o c a l  h o r i -  
z o n t a l  by t h e  t ime b a l l o o n  i n f l a t i o n  b e g i n s .  The 
sys tem i s  assumed t o  remain i n  a v e r t i c a l  a t t i t u d e  
d u r i n g  t h e  b a  1 loon  phases  ; 
5) A f l a t ,  n o n r o t a t i n g  p l a n e t  w i t h  g r a v i t a t i o n a l  a c c e l -  
e r a t i o n  c o n s t a n t  w i t h  a l t i t u d e  i s  assumed; 
6)  The b a l l o o n  i s  d i v i d e d  i n t o  f o u r  nodes f o r  h e a t i n g  
e v a l u a t i o n .  The g a s  i n s i d e  t h e  b a l l o o n  i s  assumed 
t o  be comple t e ly  homogeneous a s  t o  t e m p e r a t u r e  excep t  
f o r  t h e  f i l m  l a y e r  nex t  t o  t h e  b a l l o o n  s k i n ;  
7 )  Drag c o e f f i c i e n t s  f o r  b a l l o o n ,  a e r o s h e l l ,  and  pa ra -  
c h u t e  are  assumed as  c o n s t a n t  v a l u e s .  Mach number 
and Reynolds number e f f e c t s  a r e  c o n s i d e r e d  of  second 
o r d e r  impor tance ;  
span of t h e  problem; 
8) The sun  a n g l e  i s  assumed c o n s t a n t  d u r i n g  t h e  t i m e  
9 )  No a tmosphe r i c  h e a t i n g  i s  assumed t o  occur  d u r i n g  
b a l l o o n  i n f l a t i o n .  Th i s  i s  a c o n s e r v a t i v e  assump- 
t i o n ,  implying t h a t  t h e  b a l l o o n  gas  w i l l  h e a t  up 
somewhat f a s t e r  t h a n  i n d i c a t e d  i n  t h i s  program. 
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The program g e n e r a t e s  b a l l o o n  volume, we igh t  of i n f l a t i o n  g a s ,  
and weight  of i n f l a t i o n  t a n k s  t h a t  w i l l  f l o a t  a s p e c i f i e d  gondola  
weight  a t  a s p e c i f i e d  d e n s i t y .  Atmospheric p r e s s u r e  and tempera-  
t u r e  a t  t h e  f l o a t  a l t i t u d e  as w e l l  a s  b a l l o o n  s k i n  d e n s i t y  p e r  u n i t  






I n  t h e  p rocess  of de t e rmin ing  t h e  dynamics of t h e  sys tem,  t h e  
t empera tu re  of t h e  gas  i n  t h e  b a l l o o n ,  t h e  b a l l o o n  s k i n  tempera-  
t u r e  ( 4  n o d e s ) ,  f i l m  t empera tu res  i n s i d e  and  o u t s i d e  t h e  b a l l o o n  
s k i n ,  and t h e  i n f l a t i o n  t a n k  t empera tu re  are  computed. 
Mass Temperature  Radius ,  P r e s s u r e ,  
O F  OK 
6107.5  610.9 0 .06588 58 288 
6108.0 612.4 0 .06588 70  294 
6108.4 616.7 0 .06588 83 302 
d e n s i t y  , 
1 b m / f t 3  
km mb 
The b a l l o o n  may f l o a t  i n  and  ou t  of  c louds  by i n p u t  of a c loud  
t o p  l e v e l  t h a t  v a r i e s  w i t h  t i m e .  The s t a t e  of be ing  i n  o r  o u t  of 
t h e  c louds  de t e rmines  t h e  proper  h e a t i n g  e q u a t i o n s  t o  be used .  
H o r i z o n t a l  wind i s  i n p u t  as a f u n c t i o n  of a l t i t u d e ,  whereas  v e r -  
t i c a l  wind i s  i n p u t  as  a f u n c t i o n  of t i m e .  
Requirements  and Cri ter ia  
The d e s i g n  r equ i r emen t s  f o r  t h e  b a s e l i n e  f l o t a t i o n  sys tem,  
based on t h e  t h r e e  mis s ions  under c o n s i d e r a t i o n ,  a r e  as  f o l l o w s :  
1) The b a l l o o n  s h a l l  be a s p h e r i c a l ,  s u p e r p r e s s u r e  de-  
s i g n  of a s i z e  t o  suppor t  a 1 7 5 - l b  gondola  a t  a den-  
s i t y  of 0.06588 l b / f t 3 .  Th i s  d e n s i t y  co r re sponds  t o  
a r a d i u s  of 6108 km i n  t h e  nominal  Venus a tmosphere  
model. (The model a tmosphere  i s  d e s c r i b e d  i n  Appendix 
A of t h i s  r e p o r t . )  The environment  a t  t h i s  a l t i t u d e  





7 )  
The b a l l o o n  s h a l l  be  des igned  f o r  a maximum s u p e r -  
p r e s s u r e  of 10 mb. Th i s  s h a l l  produce a maximum 
f i l m  s t ress  of  6000 p s i .  The nominal  s u p e r p r e s s u r e  
w i l l  be 6 2 2 mb, which r e s u l t s  i n  a n  o p e r a t i n g  f i l m  
stress of 3600 p s i .  
The b a l l o o n  s h a l l  be capab le  of be ing  deployed  and  
i n f l a t e d  a t  a n  e x t e r n a l  dynamic p r e s s u r e  of 1 psf  a t  
a r a d i u s  between 6110 and 6106 km. 
The b a l l o o n  s h a l l  be capab le  of be ing  i n f l a t e d  w i t h  
gas  w i t h i n  45 s e c .  
The b a l l o o n  s h a l l  a l l o w  a s i n g l e  p o i n t  a t t achmen t  of 
a pa rachu te  a t  i t s  apex  and s h a l l  f a c i l i t a t e  release 
o f  t h i s  pa rachu te  by p y r o t e c h n i c  o r  mechanica l  means. 
The b a l l o o n  d i f f u s e r  sock  s h a l l  be  capab le  of sup-  
p o r t i n g  a shock load of 500 l b  r e s u l t i n g  from a f r e e  
f a l l  of 30 f t  under  1.0 g.  
The b a l l o o n  s h a l l  be capab le  of be ing  packed w i t h  a 
packing  f a c t o r  of 5.0 ( r a t i o  of packed volume t o  t h a t  
of  s o l i d  m a t e r i a l  d e n s i t y ) .  
The b a l l o o n  s h a l l  be a s u p e r p r e s s u r e  d e v i c e  w i t h  a 
p r e s s u r e  r e l i e f  sys tem t o  a v o i d  o v e r s t r e s s i n g  t h e  
b a l l o o n  s k i n  r e s u l t i n g  from e x c u r s i o n s  i n  a l t i t u d e  
due t o  u p d r a f t s ,  and b a l l o o n  gas  t empera tu re  i n c r e a s e ,  
The b a l l o o n  s h a l l  b e  des igned  t o  s u r v i v e  and o p e r a t e  
as a s u p e r p r e s s u r e  d e v i c e  f o r  100 h r  minimum. 
M a t e r i a l s  should  have a minimum change i n  p h y s i c a l  
c h a r a c t e r i s t i c s  such  a s  s t r e n g t h ,  f o l d ,  t e a r ,  o p t i c a l  
and the rma l  p r o p e r t i e s  a f t e r  h a n d l i n g ,  s t e r i l i z a t i o n ,  
compact ing,  and endur ing  long-dura t ion  s t o r a g e ,  and  
t h e  e n t r y  environment .  
The b a l l o o n  material  and f i n i s h  s h a l l  n o t  a l l o w  more 
t h a n  lom6 s c c / s e c / f t 2  of  hydrogen permeat ion a t  6 mb 
p r e s s u r e  d i f f e r e n t i a l .  
The b a l l o o n  s h a l l  c o n t a i n  p r o v i s i o n s  f o r  mounting 
p r e s s u r e  and t empera tu re  s e n s o r s  i n  l o c a t i o n s  con- 
duc ive  t o  o b t a i n i n g  a c c u r a t e  measurements d u r i n g  in-  
f l a t i o n  and f l o t a t i o n .  
The b a l l o o n  d i f f u s e r  sock  s h a l l  a l l o w  f o r  a t t achmen t  
of two r e s i s t a n c e  thermometers  approx ima te ly  1 f t  f rom 
t h e  i n f l a t i o n  f i t t i n g .  
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C o n f i g u r a t i o n  
The g e n e r a l  f l o t a t i o n  sys tem i s  d e p i c t e d  i n  t h e  schemat ic  of 
f i g u r e  76.  The sys tem b a s i c a l l y  c o n s i s t s  o f  t h e  b a l l o o n  sphe re  
assembly ,  t h e  packaging c a n i s t e r  w i t h  s u p e r p r e s s u r e  c o n t r o l s  
a t t a c h e d ,  and  t h e  i n f l a t i o n  subsystem. 
The b a l l o o n  sphe re  i s  i n f l a t e d  w i t h  c o l d  hydrogen gas  t h a t  
warms and i s  c o n t r o l l e d  at: a s u p e r p r e s s u r e  o f  6 mb, and t h e  s p h e r e  
i s  s i z e d  t o  s u p p o r t  t h e  gondola ,  t h e  b a l l o o n  i t s e l f ,  and t h e  i n -  
f l a t i o n  g a s .  The r e s u l t i n g  1 8 - f t  s p h e r e  s u p p o r t s  a t o t a l  weight  
of abou t  200 l b .  The load  s k i r t  d i s t r i b u t e s  t h e  gondola  weight  
(175 l b )  t o  t h e  b a l l o o n  over  a l a r g e  a r e a .  The i n f l a t i o n  d i f f u s e r  
sock  performs two f u n c t i o n s  - -  f i r s t ,  t h e  sock  t r a n s m i t s  t h e  pa ra -  
c h u t e  l o a d s  d i r e c t l y  t o  t h e  c a n i s t e r  and gondola  when t h e  b a l l o o n  
i s  i n i t i a l l y  deployed so t h a t  h i g h  l o a d s  are n o t  expe r i enced  by 
t h e  b a l l o o n  material; and second,  t h e  sock  d i f f u s e s  and d i s t r i b u t e s  
t h e  h i g h - p r e s s u r e  i n f l a t i o n  gas  d u r i n g  t h e  r a p i d  i n f l a t i o n  p r o c e s s .  
The sock  c o n s i s t s  of  a porous dacron  s l e e v e  capab le  of  c a r r y i n g  
t h e  n e c e s s a r y  l o a d ,  p l u s  a nonporous l i n e r  ex tend ing  about  213 of 
t h e  l e n g t h  from t h e  bottom. The l i n e r  a s s u r e s  t h a t  t h e  b a l l o o n  
w i l l  i n i t i a l l y  i n f l a t e  w i t h  a bubble  a t  t h e  t o p ,  t h u s  r e s u l t i n g  
i n  a s t a b l e  e x t e r n a l  aerodynamic shape  t h a t  w i l l  minimize b a l l o o n  
m a t e r i a l  f l a p p i n g  w h i l e  p a r t i a l l y  i n f l a t e d .  
The b a s i c  b a l l o o n  has  a r e i n f o r c e d  cap  a t  t h e  t o p  t h a t  h a s  
f i t t i n g s  a t t a c h e d  t o  t r a n s f e r  t h e  pa rachu te  l o a d s  d i r e c t l y  t o  t h e  
i n f l a t i o n  d i f f u s e r  sock t h a t  i n  t u r n  i s  a t t a c h e d  t o  t h e  c a n i s t e r  
and gondola .  
The c a n i s t e r  s t o r e s  t h e  b a l l o o n  b e f o r e  deployment ,  r e t a i n s  
t h e  deployed  d i f f u s e r  sock  and  b a l l o o n  a t t a c h m e n t s ,  s u p p o r t s  t h e  
d i f f u s e r  n o z z l e ,  and s u p p o r t s  t h e  b a l l o o n  p r e s s u r e  t r a n s d u c e r  and 
p r e s s u r e  r e l i e f  hardware.  
The i n f l a t i o n  sys tem co i iv i s t s  of f o u r  h i g h - p r e s s u r e  s t o r a g e  
t a n k s  mani fo lded  through a p p r o p r i a t e  t u b i n g ,  valves  and c o n t r o l s  
t o  t h e  g a s  i n f l a t i o n  d i f f u s e r  n o z z l e .  
A s  t h e  BVS descends  on i t s  p a r a c h u t e ,  a ba romet r i c  p r e s s u r e  
s w i t c h  a c t i v a t e s  t h e  deployment and  i n f l a t i o n  sys tem a t  t h e  p r e -  
set p r e s s u r e  a l t i t u d e .  The b a l l o o n  i s  r e l e a s e d  from t h e  c a n i s t e r ,  
deployed  by t h e  pa rachu te  t o  i t s  f u l l  l e n g t h ,  and t h e  i n f l a t i o n  
gas  i s  r e l e a s e d  i n t o  t h e  b a l l o o n .  After t h e  b a l l o o n  i s  i n f l a t e d ,  
t h e  t a n k s ,  a s s o c i a t e d  t u b i n g ,  and v a l v e s  are s e p a r a t e d  by ordnance-  
o p e r a t e d  c u t t e r s  and dropped f r e e  of t h e  gondola .  
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The gondola  s u p p o r t s  t h e  m i s s i o n  equipment i n  an a n n u l a r  s t r u c -  
t u r e  mounted a round t h e  b a l l o o n  c a n i s t e r .  
A summary of p e r t i n e n t  d a t a  f o r  t h e  b a l l o o n  and  i n f l a t i o n  s y s -  
t e m  i s  p r e s e n t e d  i n  t a b l e  75. 
TABLE 7 5 . -  BALLOON AND INFLATION SYSTEM SUMMARY 
Bal loon  d i a m e t e r  ( i n f l a t e d )  , f t  17.98 
Bal loon  volume, f t 3  3 043.74 
Minimum s k i n  t h i c k n e s s  r e q u i r e d ,  m i l s  1.3 
T o t a l  l amina ted  s k i n  t h i c k n e s s ,  m i l s  
Ba l loon  f i l m  d e n s i t y ,  l b / f t 3 a  
Bal loon  sphe re  we igh t ,  l b  
Load s k i r t  w e i g h t ,  l b  
D i f f u s e r  sock  assembly w e i g h t ,  l b  
Load f i t t i n g s  w e i g h t ,  l b  
T o t a l  i n f l a t i o n  gas  w e i g h t ,  l b  
Gas i n  b a l l o o n  weight  ( a t  
e q u i l i b r i u m )  , l b  
Type of gas  
Weight of gondo la ,  l b  
Weight l o f t e d ,  l b  
Vented g a s ,  l b  
Volume of f o u r  gas  t a n k s ,  i n .  
Weight of f o u r  gas  t a n k s ,  l b  
Weight i n f l a t i o n  plumbing and 
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a I n c r e a s e d  13% t o  accoun t  f o r  weight  of c o n s t r u c t i o n  t a p e s ,  
seams, e t c .  
2 20 
Bal loon  Design 
The b a l l o o n  design" shown i n  f i g u r e s  77 and 78 i s  f a b r i c a t e d  
of 18 g o r e s  of 3 / 4 x 3 / 4 - m i l M y l a r  lamina ted  w i t h  1 / 2  m i l  of ad -  
h e s i v e .  The b a l l o o n  s k i n  t a i l o r e d  t o  m e e t  t h e  d e s i g n  s t ress  i s  
a 0.625x0.625-mil Mylar lamina ted  w i t h  112  m i l  o f  a d h e s i v e .  The 
g o r e  s e a l s  a re  formed w i t h  GT 300 tape on b o t h  i n t e r i o r  and ex-  
t e r i o r  s u r f a c e s .  I n f l a t e d  t o  6 mb s u p e r p r e s s u r e ,  t h e  d i ame te r  
i s  18.05 f t .  The 0 . 7 7  f t '  a l lowed f o r  t h e  s t o r e d  b a l l o o n  - -  
b e f o r e  deployment - -  r e s u l t s  i n  a packing d e n s i t y  of 2 3 . 9 2  l b / f t 3 ,  
which can be ach ieved  w i t h o u t  a u x i l i a r y  mechanical  p r e s s u r e .  
The sphe re  w i l l  have a n  end cap  i n  t h e  a p e x  and base .  The 
end caps a r e  r e q u i r e d  f o r  l oad  t r a n s i t i o n  a c r o s s  t h e  go re  end 
p o i n t s ,  f o r  l oad  t r a n s f e r  f i t t i n g  mounting b a s e ,  and  f o r  mounting 
t h e  base  d u c t  t u b e .  The end caps  are s e a l e d  i n t o  t h e  s p h e r e  w i t h  
GT 100 t a p e .  A l a y e r  o f  GT 300 t a p e  i s  a p p l i e d  t o  t h e  e x t e r i o r  
t r a n s i t i o n  p o i n t  between t h e  s p h e r e  go res  and  t h e  end cap .  The 
apex  and cap  a r e  12 i n .  i n  d i ame te r  and r e q u i r e  a n  8 - i n .  d i ame te r  
p o r t  i n  t h e  b a l l o o n  a p e x  f o r  mounting. 
i n  d i ame te r  and r e q u i r e s  a 20- in .  d iameter  p o r t  i n  t h e  b a l l o o n  
base .  
The base  end c a p  i s  24 i n .  
The base end cap  and t u b e  mounting r e q u i r e s  s p e c i a l  f a b r i c a -  
t i o n  p rocedures .  The t u b e  i s  i n s e r t e d  i n t o  t h e  end cap  so  t h a t  
a 3 i n .  l e n g t h  of t u b e  p r o t r u d e s  i n t o  t h e  b a l l o o n  i n t e r i o r .  S e a l -  
i n g  i s  accomplished by ove r l app ing  6 - in .  l e n g t h s  of  GT 300 t a p e .  
The t a p e  i s  p laced  w i t h  t h e  6 - in .  l e n g t h  p a r a l l e l  t o  t h e  ax is  of 
t h e  t u b e ,  3 i n .  be ing  s e a l e d  t o  t h e  t u b e ,  and 3 i n .  be ing  s e a l e d  
t o  t h e  end cap .  The same t e c h n i q u e  i s  used on t h e  e x t e r i o r  s u r -  
f a c e s .  
The apex  end c a p  i s  i n s t a l l e d  w i t h  t h e  load  t r a n s f e r  f i t t i n g  
i n  p l ace .  
The load  t r a n s f e r  f i t t i n g  i s  f a b r i c a t e d  from a molded, g l a s s -  
f i l l e d  ny lon .  Th i s  m a t e r i a l  w a s  s e l e c t e d  f o r  r e s i s t a n c e  t o  
e t h y l e n e  ox ide  and f o r  a b s e n c e  of  r f  a t t e n u a t i o n  c h a r a c t e r i s t i c s .  
The f i t t i n g  i s  th readed  t o  f a c i l i t a t e  i n s t a l l a t i o n .  
a round t h e  a c c e s s  p o r t  w i l l  be  accomplished w i t h  a n  i n t e g r a l  Buna- 
N g a s k e t .  The load  t r a n s f e r  l i n e  i s  th readed  through t h e  f i t t i n g  
loops  and s p l i c e d .  
S e a l i n g  
.'- 
*'Raven I n d u s t r i e s ,  I n c . ,  J .  C .  Po land ,  C .  A .  Schanche, and 

















I 3 1 1  I I End cap - base ,  1 m i l  x 1 m i l  b i l am Mylar I 
2 1  
1 
I t em 
no. 
End cap - t o p ,  3 / 4  m i l  x 1 / 2  m i l  a d h e s i v e  
x 3 / 4  m i l  t r i l am Mylar 
18 Gore,  3 / 4  m i l  x 1 / 2  m i l  a d h e s i v e  
No. 
r eqd  no. 
x 3 / 4  m i l  t r i lam Mylar 
D e s c r i p t i o n  P a r t  
( a )  Sheet  1 
- Note: 1. Diameter o f  s p h e r e :  18.05 f t  
( i n f l a t e d  t o  10 mbAP) . 
2 .  Number of g o r e s  i n  s p h e r e :  18. 
3 .  L = one q u a r t e r  o f  t h e  c i r  o f  
s p h e r e  = one g o r e  l e n g t h ;  
p l o t t i n g  p a t t e r n ;  
S = g o r e  l e n g t h  segments f o r  
W = w i d t h  o f  g o r e s ;  
1/2W = one-ha l f  w i d t h  of g o r e s  
a t  "S" p o i n t s .  
a Raven I n d u s t r i e s ,  I n c . ,  
Drawing Number 07530. 
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Top end cap  c o n s t r u c t i o n  
p- 24 i n .  diam --------I 
i n ,  
a Raven I n d u s t r i e s ,  I n c . ,  
Drawing Number 07530. 
Bottom end cap  c o n s t r u c t i o n  
(d )  Shee t  4 
F i g u r e  78 .- Concludeda 
226 
The load  suppor t  s k i r t  i s  f a b r i c a t e d  from 1 . 2 5  oz / sq  yd dacron  
g o r e s  sewed t o g e t h e r ,  The s k i r t  i s  bonded t o  t h e  b a l l o o n  s k i n  w i t h  
an  adhes ive  s i m i l a r  t o  B o s t i k  7 0 6 4 .  This  adhes ive  i s  u s e d  f o r  
bonding load  pa tches  on p r e s e n t  s u p e r p r e s s u r e  b a l l o o n s .  However, 
t h e  r e s i s t a n c e  of t h i s  adhes ive  t o  t h e  s t e r i l i z a t i o n  environment  
i s  n o t  known. 
F i g u r e  79 shows t h e  c o n f i g u r a t i o n  of t h e  lower b a l l o o n  a r e a  
and b a l l o o n  can .  The i n f l a t i o n  d i f f u s e r  sock  i s  t h e  l o a d - c a r r y i n g  
member from t h e  gondola  th rough  t h e  b a l l o o n  t o  t h e  p a r a c h u t e  be-  
f o r e  b a l l o o n  i n f l a t i o n .  It a l s o  s e r v e s  t o  d i f f u s e  t h e  g a s  f low 
i n t o  t h e  b a l l o o n .  The d i f f u s e r  sock  i s  des igned  as  a s e a l e d  t u b e  
from t h e  b a l l o o n  can t o  a p o i n t  n e a r  t h e  t o p  of t h e  b a l l o o n ,  
f o r c i n g  t h e  gas  t o  t h e  t o p  of t h e  b a l l o o n ,  f i l l i n g  t h e  t o p  f i r s t .  
A f t e r  b a l l o o n  i n f l a t i o n ,  t h e  load  i s  c a r r i e d  i n t o  t h e  b a l l o o n  v i a  
t h e  suppor t  cone,  r e l i e v i n g  t h e  i n f l a t i o n  sock  o f  any  l o a d .  
F i g u r e  80 shows t h e  t o p  of t h e  b a l l o o n  and how it  i s  a t t a c h e d  
t o  t h e  pa rachu te  system. The py ro techn ic  c u t t e r  s e p a r a t e s  the 
p a r a c h u t e  from t h e  b a l l o o n  j u s t  b e f o r e  t h e  comple t ion  of  t h e  b a l -  
loon  f i l l  c y c l e .  
Bal loon  M a t e r i a l s  
The b a l l o o n  sys tem material t h a t  a p p e a r s  t h e  most promis ing  
a t  p r e s e n t  i s  Mylar .  U n t i l  t h e  much-needed m a t e r i a l s  s t e r i l i z a -  
t i o n  tes ts  and  o t h e r  p e r t i n e n t  envi ronmenta l  t e s t s  can b e  con- 
d u c t e d ,  Mylar w i l l  be cons ide red  t h e  b a s e l i n e  m a t e r i a l .  M y l a r ' s  
p r o p e r t i e s  a s  a f f e c t e d  by t empera tu re  f o r  v a r i o u s  t i m e  d u r a t i o n s  
have been f a i r l y  w e l l  e s t a b l i s h e d  by t h e  E . I .  duPont DeNemours 6c 
Company.and a r e  d i s c u s s e d  l a t e r .  However, t h e  e f f e c t s  of  decon- 
t a m i n a t i o n  by u s e  of e t h y l e n e  ox ide  b e f o r e  d r y - h e a t  s t e r i l i z a t i o n  
have  n o t  been de termined .  Other  envi ronmenta l  f a c t o r s  may be  
even more s i g n i f i c a n t ,  and t e s t i n g  w i l l  be r e q u i r e d  t o  e v a l u a t e  
t h e s e  e f f e c t s  and v a r i o u s  combina t ions  of  e f f e c t s .  Fol lowing  i s  
a l i s t  of  t y p i c a l  envi ronmenta l  c o n d i t i o n s  t h e  b a l l o o n  material 
may expe r i ence :  
1) Manufac ture  of  m a t e r i a l ;  
2 )  Cons t ruc t  b a l l o o n ;  
3 )  Fold and s h i p ;  
4 )  Decontaminate;  
5) Evacuate  b a l l o o n ,  f o l d ,  compress ,  and pack i n  b a l l o o n  


















Dry- hea t s t er i l i z e  ; 
Launch t o  Venus; 
E f f e c t s  of  c a n i s t e r  p r e s s u r e ,  t e m p e r a t u r e ,  and s t o r -  
a g e  g a s  f o r  mis s ion  d u r a t i o n ;  
Endure 170 t o  340 g e n t r y  d e c e l e r a t i o n  a t  nominal 
t empera tu re  i n  b a l l o o n  c a n i s t e r ;  
E x t r a c t  b a l l o o n  by pa rachu te  w i t h  l o a d s  going i n t o  
b a l l o o n  i n f l a t i o n  sock;  
Endure dynamic p r e s s u r e  (1 p s f )  d u r i n g  i n f l a t i o n ;  
Endure i n f l a t i o n  g a s  t e m p e r a t u r e  of -600F minimum. 
A p p r o p r i a t e  t e s t s  must e v e n t u a l l y  be  conducted  t o  s i m u l a t e  
t h e  environment  h i s t o r y  t o  f u l l y  e v a l u a t e  a material .  I n  a d d i -  
t i o n  t o  t h e  p h y s i c a l  p r o p e r t i e s  such  as s t r e n g t h  and p i n  h o l e /  
l e a k  c h a r a c t e r i s t i c s ,  i t  w i l l  be n e c e s s a r y  t o  e s t a b l i s h  t h e  op- 
t i c a l / t h e r m a l  p r o p e r t i e s  such as a b s o r p t i v i t y ,  e m i s s i v i t y ,  t r a n s -  
m i s s i o n ,  and r a d i a t i o n  p r o p e r t i e s  t h a t  d i r e c t l y  a f f e c t  t h e  b a l -  
loon  gas  e q u i l i b r i u m  and t r a n s i e n t  t e m p e r a t u r e s  as  shown la te r  
i n  t h i s  r e p o r t .  
T e s t s  are be ing  conducted a t  M a r t i n  Marietta Corpora t ion  on 
a v a r i e t y  of materials and l amina te  combina t ions .  Kapton i s  
a l s o  promis ing  and i s  s l i g h t l y  more h e a t  r e s i s t a n t  t h a n  Mylar ;  
however, w i t h i n  t h e  p r e s e n t  s t a t e  o f  materials t e s t i n g ,  Mylar 
remains  t h e  p r e f e r r e d  m a t e r i a l .  
To overcome t h e  problems of  material  damage due t o  f o l d i n g  
and compact ing ,  a n  a l t e r n a t i v e  approach  looks v e r y  promis ing .  
A l amina te  c o n s i s t i n g  of  a n  o u t s i d e  l a y e r  of  f i n e  dac ron  f a b r i c  
f o r  s t r e n g t h  and f l e x i b i l i t y  w i t h  e i t h e r  a t h i n  Mylar - -  f l e x i b l e  
l aye r -Myla r  l a m i n a t e  i n s i d e  - -  o r  p o s s i b l y  o n l y  a f l e x i b l e  l ayer -  
Mylar i n n e r  l a m i n a t e  would provide  a gas  b a r r i e r  ( n o t  s u b j e c t  t o  
p i n h o l e s ) ,  and t h e  i n n e r  Mylar would provide  s c u f f  p r o t e c t i o n  t o  
t h e  b a r r i e r  m a t e r i a l .  
Bal loon  S t o r a g e  C a n i s t e r  
The b a l l o o n  c a n i s t e r  i s  shown i n  f i g u r e  81. The concept  i n -  
v o l v e s  m a i n t a i n i n g  p r e s s u r e  i n  t h e  c a n i s t e r  a t  approx ima te ly  t h e  
ambient  p r e s s u r e  a t  t i m e  of b a l l o o n  deployment (-9 p s i a )  t o  e l i m -  
i n a t e  vacuum e f f e c t s  on t h e  b a l l o o n ,  i . e . ,  o u t g a s s i n g  could  cause  
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F i g u r e  81.- Bal loon  S to rage  C a n i s t e r  
23 1 
The c a n i s t e r  i s  c y l i n d r i c a l  i n  shape .  The l i d  i s  t h e  base  
of  t h e  pa rachu te  can and c o n t a i n s  a h a r n e s s  and s w i v e l  t o  re- 
l i e v e  p o s s i b l e  t w i s t  l o a d s  deve loped  by t h e  pa rachu te .  
The p r e s s u r e  senso r  and  p r e s s u r e  r e l i e f  v a l v e  a r e  l o c a t e d  on 
t h e  s i d e  of t h e  c a n i s t e r  and  t h e  i n f l a t i o n  d i f f u s e r  i s  l o c a t e d  
on t h e  base .  A V-clamp o r  Conoseal  band clamp r e t a i n s  t h e  l i d  
and  i s  r e l e a s e d  by a p y r o t e c h n i c  d e v i c e .  The seal  i s  e i t h e r  a n  
aluminum band o r  a n  O-r ing.  
A ser ies  of a c c o r d i a n  t y p e  f o l d s  i s  used i n  packing t h e  b a l -  
l oon  and  sock  i n t o '  t h e  s t o r a g e  c a n i s t e r .  
e l i m i n a t e  a n y  t w i s t :  l o a d s  o r  material hangup w i t h i n  t h e  b a l l o o n  
f o l d s  themse lves .  The b a l l o o n  e x t r a c t i o n  i s  r a p i d ;  however, t h e  
a c t u a l  p a r a c h u t e  s n a t c h  load  i s  t a k e n  up by t h e  i n t e r n a l  d i f f u s e r  
sock .  A s  long  a s  t h e  m a t e r i a l  f o l d s  do n o t  s t i c k ,  t h e  b a l l o o n  
mater ia l  should  n o t  r e c e i v e  any  h i g h  l o a d s .  
The o b j e c t i v e  i s  t o  
Bal loon  C o n t r o l s  and I n s t r u m e n t a t i o n  
The b a s i c  b a l l o o n  f l o t a t i o n  c o n t r o l  c o n s i s t s  o f  a s e n s i t i v e  
p r e s s u r e  s w i t c h  (6  f 2 mb) t h a t  a c t u a t e s  t h e  b a l l o o n  v e n t  ( s o l e -  
no id )  v a l v e .  Both t h e  s w i t c h  and v e n t  v a l v e  a r e  mounted on t h e  
c a n i s t e r  t h a t  i n i t i a l l y  c o n t a i n s  t h e  packed b a l l o o n  and d i f f u s e r .  
The v e n t  v a l v e  remains s h u t  d u r i n g  t h e  b a l l o o n  i n f l a t i o n  p r o c e s s  
by be ing  e l e c t r i c a l l y  locked  o u t  d u r i n g  i n f l a t i o n ,  because  t h e  
l o c a l  p r e s s u r e  i n  t h e  c a n i s t e r  w i l l  be c o n s i d e r a b l y  h i g h e r  t h a n  
6 mb a t  t h a t  t i m e .  When t h e  hydrogen i s  comple te ly  e x p e l l e d  i n t o  
t h e  b a l l o o n ,  t h e  v e n t  v a l v e  and p r e s s u r e  s w i t c h  c i r c u i t  are  a c t i -  
v a t e d  and  m a i n t a i n  t h e  proper  s u p e r p r e s s u r e  d u r i n g  t h e  mis s ion .  
An e x a m p l e  of t h e  t y p e  of p r e s s u r e  s w i t c h  r e q u i r e d  f o r  t h i s  
a p p l i c a t i o n  i s  r e p r e s e n t e d  by t h e  Conso l ida t ed  C o n t r o l s  Corpora- 
t i o n  l o w - l e v e l  p r e s s u r e  s w i t c h  shown i n  f i g u r e s  82 and 83. Th i s  
s w i t c h  i s  c a p a b l e  of do ing  t h e  b a l l o o n  p r e s s u r e  c o n t r o l  j o b  as  
s p e c i f i e d ;  however, t h e  s w i t c h  i s  n o t  q u a l i f i e d  f o r  s t e r i l i z a t i o n  
and  o t h e r  s p e c i f i c  envi ronmenta l  c o n d i t i o n s .  T h e r e f o r e ,  t h e  
f l i g h t  s w i t c h  would r e q u i r e  a q u a l i f i c a t i o n  program w i t h  some 
p o s s i b l e  m o d i f i c a t i o n s .  
The 1 i n .  l ow-pres su re  d r o p ,  s o l e n o i d - a c t u a t e d  v e n t  v a l v e ,  
a l t h o u g h  n o t  q u a l i f i e d ,  i s  a v a i l a b l e  w i t h  minor m o d i f i c a t i o n s  
from Valcor  Eng inee r ing  Corp. 
23 2 
0.203 diam, 3 h o l e s  
on  4.790 D . B . C . 7  I 
F i g u r e  82.- Low-Level P r e s s u r e  Swi tch  
- Note: A l l  dimens ions  i n  i n c h e s ,  
R e c e p t a c l e  mates 1 . 2 6  Mounting s u r f a c e  
w i t h  MS3106 t y p e  -1 4 r-24 
Removable p l u g 1  
f o r  r ange  a d j u s t  
Low 
P -  
p r e s  s u r e  
Wir ing  schemat i c  
( a t  z e r o  p s i d )  
.O k w ~ o s e  f i t t i n g  
- 2 . 0 0 4  p e r  MS 33660-4 
F i g u r e  83.- P r e s s u r e  Switch Genera l  S p e c i f i c a t i o n s  
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The b a l l o o n  i n s t r u m e n t a t i o n  c o n s i s t s  of p r e s s u r e  and tempera-  
t u r e  s e n s o r s  mounted i n  l o c a t i o n s  conducive t o  o b t a i n i n g  a c c u r a t e  
measurements d u r i n g  i n f l a t i o n  and f l o t a t i o n .  Two r e s i s t a n c e  
thermometers  a r e  a t t a c h e d  t o  t h e  i n f l a t i o n  d i f f u s e r  sock about  
1 f t  from t h e  i n f l a t i o n  f i t t i n g .  
BVS r e q u i r e s  s p e c i a l  c o n t r o l  hardware t o  accommodate t h e  l o s s  
i n  t h e  b a l l o o n  supe r t empera tu re  i f  t h e  BVS c r o s s e s  t h e  t e r m i n a t o r  
t o  t h e  d a r k  s i d e  of Venus. It i s  assumed t h a t  t h e  b a l l o o n  remains 
i n  t h e  c louds  as  i t  c r o s s e s  t h e  t e r m i n a t o r  and when t h e  s o l a r  
r a d i a t i o n  drops  t o  ze ro  t h e  b a l l o o n  c o o l s  down t o  ambient  tempera-  
t u r e .  The ambient  t e m p e r a t u r e ,  p r e s s u r e ,  and d e n s i t y  a r e  assumed 
t o  remain t h e  same on e i t h e r  s i d e  of t h e  t e r m i n a t o r  w i t h i n  t h e  
c l o u d s .  
Th i s  c o o l i n g  r e s u l t s  i n  a l o s s  of e s s e n t i a l l y  a l l  of  t h e  
s u p e r t e m p e r a t u r e ,  and t h e  b a l l o o n  w i l l  p a r t i a l l y  c o l l a p s e .  The 
volume r e d u c t i o n  r e s u l t s  i n  n e g a t i v e  f r e e  l i f t  and  t h e  b a l l o o n  
w i l l  descend t o  t h e  s u r f a c e  u n l e s s  c o r r e c t i v e  a c t i o n  i s  t a k e n .  
A s  d i s c u s s e d  l a t e r  i n  t h i s  r e p o r t ,  c o r r e c t i v e  a c t i o n  can  b e  
i n  t h e  form of e i t h e r  dropping  t h e  two s m a l l  sondes as  b a l l a s t  
o r  by u s i n g  a g a s  makeup sys tem w i t h  abou t  0 .5  l b  of g a s .  For 
t h e  b a l l a s t  o r  d r o p  sonde re lease,  a c o n t r o l  sys tem i s  r e q u i r e d  
t h a t  w i l l  d e l a y  c o r r e c t i v e  a c t i o n  s o  t h a t  a premature  weight  
d r o p  w i l l  n o t  occur  r e s u l t i n g  i n  f u r t h e r  g a s  v e n t i n g .  Makeup 
gas  can be  s lowly  i n j e c t e d  by u s i n g  a s imple  blowdown o r i f i c e -  
c o n t r o l l e d  system. 
Var ious  makeup sys tems a re  compared, bu t  t h e  h i g h - p r e s s u r e ,  
gaseous  hydrogen i n  a s t o r a g e  t ank  appea r s  t o  be t h e  b e s t  approach .  
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I n f l a t i o n  Subsystem 
The r equ i r emen t s  t o  be  s a t i s f i e d  by t h e  i n f l a t i o n  sys tem a r e  
summarized i n  t a b l e  76. 
TABLE 76 . -  SUMMARY OF INFLATION SYSTEM REQUIREMENTS 
1) Provide  s t o r a g e  f o r  10.2 l b  of hydrogen i n f l a t i o n  g a s ;  
2 )  P rov ide  v a l v i n g  and f low c o n t r o l s  t o ,  
a )  Complete p r e s s u r i z a t i o n  of t h e  b a l l o o n  w i t h i n  45 s e c ,  
b) L imi t  t h e  b a l l o o n  p r e s s u r e  t o  6 mb above ambient  p r e s s u r e ;  
3)  Prov ide  c a p a b i l i t y  f o r  s e p a r a t i o n  of t h e  i n f l a t i o n  system 
4)  Provide  c a p a b i l i t y  f o r  s t e r i l i z a t i o n  i n  t h e  u n p r e s s u r i z e d  
5) Provide  i n s t r u m e n t a t i o n  t o  measure gas  t e m p e r a t u r e ,  p r e s s u r e ,  
6) Provide  f i l t r a t i o n  t o  p r o t e c t  t h e  b a l l o o n  from p a r t i c l e s  
from t h e  gondola ;  
c o n d i t i o n  and f o r  s t e r i l e  load ing  of t h e  hydrogen;  
and f l o w  r a t e  d u r i n g  i n f l a t i o n ;  
g r e a t e r  t h a n  10 p i n  s i z e .  
The b a s e l i n e  i n f l a t i o n  system des igned  t o  s a t i s f y  t h e s e  r e -  
qu i r emen t s  i s  shown s c h e m a t i c a l l y  i n  f i g u r e  84.  Th i s  system i s  
d e s c r i b e d  i n  t h e  f o l l o w i n g  paragraphs .  Refer  t o  t h e  s t r u c t u r e s  
s e c t i o n  of t h i s  r e p o r t  f o r  t h e  d e t a i l  l a y o u t  of t h i s  subsystem. 
The g a s  s t o r a g e  sys tem,  c o n s i s t i n g  of f o u r  mani fo lded  s t o r a g e  
t a n k s ,  i s  loaded a f t e r  s t e r i l i z a t i o n .  Loading i s  accomplished 
th rough  a 1 / 4 - i n .  l i n e  t h a t  pas ses  through t h e  b i o c a n i s t e r  and 
a e r o s h e l l .  A d i s c o n n e c t  i s  l o c a t e d  on t h e  e x t e r n a l  s u r f a c e  of  
t h e  b i o c a n i s t e r ,  and t h e  f i l l  l i n e  p e n e t r a t e s  t h e  b i o c a n i s t e r  
and t h e  a e r o s h e l l .  Tube c u t t e r s  a r e  l o c a t e d  on both  s i d e s  of 
t h e  a e r o s h e l l  t o  e n a b l e  t h e  f i l l  l i n e  t o  s e p a r a t e  f rom t h e  a e r o -  
s h e l l  and b i o c a n i s t e r .  Normally open ordnance v a l v e s  i n s i d e  t h e  
a e r o s h e l l  p rov ide  a z e r o  l e a k  s e a l  f o r  t h e  i n f l a t i o n  system. The 
sys tem i s  p r e s s u r i z e d  s lowly  t o  m a i n t a i n  t h e  s t o r a g e  t a n k s  a t  
l ess  t h a n  150°F a-s monitored on t h e  s t o r a g e  t a n k  t empera tu re  
t r a n s d u c e r .  A f t e r  t empera tu re  s t a b i l i z a t i o n ,  a v a l v e  i s  c l o s e d  
i n  t h e  e x t e r n a l  sys tem and t h e  p r e s s u r e  i s  moni tored  u n t i l  e s sen -  
t i a l l y  ze ro  l eakage  i s  v e r i f i e d .  Because numerous d e t a i l e d  l e a k  
checks of t h e  sys tem j o i n t s  w i t h  a hel ium mass spec t romete r  a r e  
accomplished d u r i n g  f a b r i c a t i o n  and b e f o r e  s t e r i l i z a t i o n ,  a h i g h  
d e g r e e  of conf idence  t h a t  t h e  j o i n t s  a r e  l e a k t i g h t  i s  e s t a b l i s h e d  
b e f o r e  t h i s  f i n a l  check.  
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Before  launch  countdown, t h e  no rma l ly  open v a l v e  mounted on 
t h e  i n s i d e  of t h e  b i o c a n i s t e r  i s  c l o s e d ,  and t h e  e x t e r n a l  l i n e  
i s  d i sconnec ted  and  capped. I n  c a s e  of  a n  a b o r t  a t  any  t i m e  be -  
f o r e  t h e  f i n a l  a u t o m a t i c  launch  sequence ,  t h e  system can be de -  
p r e s s u r i z e d  by r e c o n n e c t i n g  t h e  e x t e r n a l  l i n e s  and opening of  
t h e  normal ly  c l o s e d  un load ing  v a l v e .  During t h e  f i n a l  l aunch  
sequence ,  t h e  normal ly  open v a l v e  i n s i d e  t h e  a e r o s h e l l  i s  c l o s e d ,  
fo l lowed  by o p e r a t i o n  of t h e  two l i n e  c u t t e r s .  Curren t  t r a c e s  
a r e  used t o  e s t a b l i s h  proper  f u n c t i o n  of t h e  ordnance  d e v i c e s .  
A t  t h i s  t i m e ,  t h e  sys tem i s  s e a l e d  and  s e p a r a t e d  from t h e  a e r o -  
s h e l l  and t h e  b i o c a n i s t e r  and i s  c o n s i d e r e d  r eady  f o r  f l i g h t  and  
b a l l o o n  deployment .  
The i n f l a t i o n  sequence i s  i n i t i a t e d  by a p r e s s u r e  s w i t c h  
s e n s i n g  a tmosphe r i c  p r e s s u r e .  A t  a n  ambient  p r e s s u r e  of 612 m b ,  
t h e  s w i t c h  c o n t a c t s  c l o s e  caus ing  a s i g n a l  t o  be  s e n t  t o  t h e  
sequence r .  The sequence r ,  i n  t u r n ,  s ends  a s i g n a l  t o  t h e  low- 
f l o w  s t a r t  v a l v e  i n i t i a t i n g  t h e  f low of  hydrogen g a s  t o  t h e  b a l -  
l oon .  The low-flow start  v a l v e  i s  a no rma l ly  c l o s e d ,  ordnance-  
o p e r a t e d  v a l v e  t h a t  s u p p l i e s  hydrogen gas  f rom t h e  4500 p s i g  
s t o r a g e  sys tem th rough  a me te r ing  d e v i c e  t o  t h e  b a l l o o n  i n f l a t i o n  
sys tem.  The hydrogen g a s  i s  i n t r o d u c e d  i n t o  t h e  b a l l o o n  th rough  
a n o z z l e  a t t a c h e d  t o  t h e  bot tom of t h e  b a l l o o n  c a n i s t e r .  A f t e r  
2 s e c  of t h i s  low hydrogen f l o w ,  t h e  b a l l o o n  gas  d i f f u s e r  i s  
p a r t i a l l y  i n f l a t e d ,  and t h e  sequencer  s i g n a l s  t h e  h igh- f low s ta r t  
v a l v e  open. Th i s  v a l v e  i s  mounted i n  p a r a l l e l  w i t h  t h e  low-flow 
v a l v e  and i s  a l s o  a normal ly  c l o s e d  ordnance-opera ted  d e v i c e .  
Upon opening ,  t h e  h igh- f low r a t e  blowdown of t h e  hydrogen g a s  
s t o r a g e  t a n k  i s  i n i t i a t e d .  A t  t h i s  t i m e ,  t h e  n o z z l e  a t  t h e  b a l -  
l oon  c a n i s t e r  f lows  s o n i c a l l y ,  d i s c h a r g i n g  hydrogen gas  i n t o  the 
s l e e v e  a t  approx ima te ly  2 .0  l b / s e c .  Th i s  blowdown of t h e  hydro-  
gen s t o r a g e  c o n t i n u e s  f o r  a t o t a l  d u r a t i o n  of  45 s e c ,  a t  which 
t i m e  t h e  c o r r e c t  amount of  hydrogen has  been i n t r o d u c e d  i n t o  t h e  
b a l l o o n .  A sequencer  s i g n a l  c a u s e s  t h e  sys tem s h u t o f f  v a l v e  t o  
c l o s e .  It should  be no ted  t h a t  a l i n e  f i l t e r  i s  l o c a t e d  between 
t h e  ordnance-opera ted  s t a r t  v a l v e s  and  t h e  g a s  n o z z l e  t o  p reven t  
i n t r o d u c t i o n  of p a r t i c l e s  g e n e r a t e d  by t h e  ordnance  s t a r t  v a l v e s  
i n t o  t h e  b a l l o o n .  
A f t e r  c l o s u r e  of t h e  s h u t o f f  v a l v e  (1 s e c ) ,  a n o t h e r  s i g n a l  
i s  s e n t  by t h e  sequencer  t o  e f f e c t  l i n e  d i s c o n n e c t  a t  t h e  p r e s -  
s u r i z a t i o n  system/gondola  i n t e r f a c e .  
by a n  o rdnance -ope ra t ed  t u b e  c u t t e r  t h a t  s e v e r s  and r e l e a s e s  t h e  
hydrogen i n f l a t i o n  l i n e  a t  a p o i n t  t h a t  a l l o w s  complete  s e p a r a -  
t i o n  of t h e  i n f l a t i o n  sys tem and t h e  gondola  w i t h o u t  mechanica l  
i n t e r f e r e n c e .  The release o f  t h e  p r e s s u r i z a t i o n  sys tem o c c u r s  
1 s e c  a f t e r  l i n e  d i s c o n n e c t  a g a i n  by a s i g n a l  from t h e  sequence r  
t o  t h e  ordnance-opera ted  e x p l o s i v e  b o l t s  ( 2 )  a t  t h e  gondola /  
i n f l a t i o n  sys tem i n t e r f a c e .  
Th i s  a c t i o n  i s  accompl ished  
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A t  t h e  comple t ion  of t h e  i n f l a t i o n  sequence ,  t h e  b a l l o o n  
o v e r p r e s s u r e  r e l i e f  system i s  armed. Th i s  sys tem c o n s i s t s  of  a 
6-mb gage p r e s s u r e  swi t ch  s e n s i n g  b a l l o o n  p r e s s u r e  w i t h  r e s p e c t  
t o  a tmosphe r i c  p r e s s u r e .  It i s  connec ted  t o  a so leno id -ope ra t ed  
r e l i e f  v a l v e  having  a n  e q u i v a l e n t  o r i f i c e  s i z e  of 1 i n .  An i n -  
c r e a s e  i n  b a l l o o n  o v e r p r e s s u r e  above 6 mb r e s u l t s  i n  opening of 
t h e  v a l v e  w i t h  subsequent  v e n t i n g  t o  m a i n t a i n  t h e  6-mb supe r -  
p r e s s u r e .  
The components t h a t  comprise  t h i s  sys tem and t h e i r  c h a r a c t e r -  
i s t i c s  a r e  shown i n  t a b l e  7 7 .  
The performance of  t h e  i n f l a t i o n  sys tem i s  shown i n  f i g u r e s  
85 and  86 .  F igu re  85 p r e s e n t s  p r e s s u r e  and t empera tu re  o f  t h e  
gas  i n  t h e  s t o r a g e  t a n k s  v s  t i m e .  The a n a l y s i s  i n c l u d e s  a r e a l -  
g a s  e q u a t i o n  of  s t a t e  and accoun t s  f o r  t h e  e f f e c t  of  h e a t  t r a n s f e r  
from t h e  s t o r a g e  t a n k  t o  t h e  g a s .  I n  f i g u r e  86 ,  t h e  weight  and  
t empera tu re  of  t h e  gas  i n  t h e  b a l l o o n  i s  shown a s  a f u n c t i o n  of  
t i m e .  It can b e  seen  t h a t  t h e  i n f l a t i o n  i s  e s s e n t i a l l y  complete  
w i t h i n  30 sec. The t empera tu re  of t h e  gas  i n  t h e  b a l l o o n  i s  
a b o u t  -45°F a t  t h e  end of i n f l a t i o n .  However, t h i s  v a l u e  i s  
s l i g h t l y  low because t h e  h e a t  t r a n s f e r  f rom t h e  b a l l o o n  t o  t h e  
hydrogen w a s , n o t  cons ide red .  
S e v e r a l  i n f l a t i o n  sys tem o p t i o n s  were i n v e s t i g a t e d  i n c l u d i n g  
hydrogen,  he l ium,  and v a r i o u s  ho t -gas  g e n e r a t i o n  schemes. B e -  
c a u s e  t h e  ho t -gas  sys tem i s  more complex a n d ,  t h u s ,  l e s s  r e l i a b l e ,  
i t  has  been e l i m i n a t e d  as a c a n d i d a t e  f o r  t h e  i n f l a t i o n  system. 
Helium i s  a n  a l t e r n a t i v e  because of  t h e  advan tages  of he l ium i n  
h a n d l i n g  and reduced leakage .  Both ho t -gas  g e n e r a t i o n  and he l ium 
sys tems have some weight  d i s a d v a n t a g e s .  R e s u l t s  of  comparisons 
a r e  d i s c u s s e d  l a t e r  i n  t h i s  s e c t i o n .  
Pa rachu te  Subsystem 
The d e s i g n  requi rements  f o r  t h e  pa rachu te  subsystem are as  
d e s c r i b e d  i n  t h e  fo l lowing  pa rag raphs .  
The pa rachu te  subsystem i s  comprised of two pa rachu tes  - -  
t h e  a f t e r b o d y  pa rachu te  i s  deployed by m o r t a r ,  t h e  BVS pa rachu te  
i s  deployed  by t h e  a f t e r b o d y  pa rachu te  and s e p a r a t e d  from i t  by 
a b reak  t i e .  
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TABLE 7 7 . -  BALLOON INFLATION COMPONENTS 
Component 
P r e s s u r e  s w i t c h  ( o v e r p r e s -  
s u r e  c o n t r o l )  
P r e s s u r e  s w i t c h  ( i n f l a t i o n  
i n i t i a t i o n )  
S o l e n o i d  v a l v e  (ven t )  
F i l t e r  
Ordnance v a l v e  ( s h u t o f f  
v a l v e )  
Ordnance v a l v e  '(de pres  s u r  i z  
a t  i o n  v a l v e  and low-f l o w  
s t a r t  v a l v e )  
Ordnance v a l v e  (main s t a r t  
v a l v e )  
Ordnance v a l v e  ( f i l l  v a l v e s  
C a b l e  c u t t e r  ( s e p a r a t i o n )  
Cable  c u t t e r  ( s e p a r a t i o n  
f i l l  l i n e )  
Ordnance s q u i b s  
Gas i n f l a t i o n  n o z z l e  
P r e s  s u r e  t r a n s d u c e r  ( tank)  
P r e s s u r e  t r a n s d u c e r  
( n o z z l e  o u t l e t )  
Temperature  t r a n s d u c e r  
( t a n k )  
Temperature  t r a n s d u c e r  
( n o z z l e  i n l e t )  
O r i f i c e  assembly and f i l t e r  
( l o w  f low c o n t r o l )  
S t o r a g e  t a n k s  






















- - -_  
----  
S e t t i n g  / 
t o l e r a n c e  
6 5 2 m b  
612 2 10 mb 
1 i n .  l i n e  s i z e  
1 A a t  28 Vdc 
3 / 8  i n .  l i n e  s i z e  
10 p nominal 
318 i n .  l i n e  s i z e  
normally open 
1/4 i n .  l i n e  s i z e  
normally c l o s e d  
318 i n .  l i n e  s i z e  
normally c l o s e d  
1 / 4  i n .  l i n e  s i z e  
normally open 
3 / 8  i n .  l i n e  s i z e  
1 / 4  i n .  l i n e  s i z e  
- - - -  
0 t o  5000 p s i g  5 2% 
0 t o  15  p s i a  2% 
-300 t o  +300°F 5 2% 
-100 t o  +150°F It_ 2% 
U n i t  
d e i g h t  
l b  








1 . 0  
0.5  
0 . 1  








- - - -  
T o t a l  
nle i g h t  , 
l b  
0.5 




0 . 8  
1.1 
0 . 8  
1.0 
1.0 
1 . 8  
0.5 
0 . 5  
0.5 








P = 8.87 p s i a  (612 mb) a 
H2 
W = 10.19 l b  
VB = 2918 f t9  









































Afterbody pa rachu te . -  A pa rachu te  w i l l  be provided  t o  e x t r a c t  
and r e t a r d  t h e  a e r o s h e l l  a f t e r b o d y .  Th i s  s i n g l e  s t a g e  pa rachu te  
w i l l  be deployed by o p e r a t i o n  of a m o r t a r ,  w i l l  be capab le  of 
opening a t  M = 0.50 w i t h  a maximum dynamic p r e s s u r e  of 20 p s f ,  
and w i l l  be  des igned  f o r  a t e r m i n a l  d e s c e n t  dynamic p r e s s u r e  o f  
10 psf  s u p p o r t i n g  a load  of 100 l b  (no d r a g  f o r  l o a d ) .  Th i s  
pa rachu te  w i l l  o p e r a t e  p r o p e r l y  w i t h  a n  a e r o s h e l l  sp inn ing  a t  
0.50 r a d / s e c  and w i l l  be des igned  t o  descend v e r t i c a l l y  i n  s t i l l  
a i r .  
Diameter ,  f t  
Weight canopy, l i n e s ,  l b  
Opening f o r c e ,  l b  
Packing d e n s i t y ,  l b / f t 3  
Terminal  dynamic p r e s s u r e ,  psf  
BVS p a r a c h u t e . -  A pa rachu te  w i l l  be provided  t o  e x t r a c t  and 
r e t a r d  t h e  BVS. This  pa rachu te  w i l l  be capab le  of opening a t  
M = 0.50 w i t h  a maximum dynamic p r e s s u r e  of 20 p s f ,  w i l l  be de -  
s igned  f o r  a t e r m i n a l  descen t  dynamic p r e s s u r e  of  1 .0  psf  sup- 
p o r t i n g  a (BVS) weight  of 375 l b  (no d r a g  f o r  BVS), and w i l l  be  
des igned  t o  descend v e r t i c a l l y  i n  s t i l l  a i r .  
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The Miss ion  D e s c r i p t i o n  S e c t i o n  p r e s e n t s  a d e t a i l e d  d e s c r i p -  
t i o n  of t h e  BVS sequence o f  e v e n t s  i n c l u d i n g  t h e  pa rachu te  and  
b a l l o o n  deployment .  B r i e f l y ,  t h e  sequence i s  as  f o l l o w s :  t h e  
e n t r y  c a p s u l e  descends  t o  deployment a l t i t u d e ;  t h e  a f t e r b o d y  
pa rachu te  i s  deployed by mor ta r  and i t  removes t h e  a f t e r b o d y  which 
deploys  t h e  main c h u t e ;  and t h e  a e r o s h e l l  d rops  away. 
The nominal pa rachu te  d e s i g n s  r e s u l t i n g  from t h e  above d e s i g n  
c r i t e r i a  a re  shown i n  t a b l e  78, and p a r a m e t r i c  d a t a  a r e  shown i n  
f i g u r e  8 7 ,  p repa red  by t h e  G .  T .  S c h j e l d a h l  Company. The d i s c -  
gap-band c h u t e  i s  ve ry  s t a b l e ,  bu t  has  a we igh t - to -d rag  e f f i c i e n c y  
somewhat lower than  a s t a n d a r d  f l a t - t y p e  c h u t e .  This  s t a b i l i t y  
i s  d e s i r a b l e  when r e l e a s i n g  t h e  a e r o s h e l l  and  deploying  t h e  b a l -  
l oon .  The deployment c o n d i t i o n s  f o r  the'se pa rachu tes  a r e  w e l l  
w i t h i n  t h e  s t a t e  of  t h e  a r t ,  and no unusua l  problems are  a n t i c i -  
patea. The packing d e n s i t y  of 19 l b / c u  f t  i s  e a s i l y  m e t ,  and 
t h e  pa rachu te  c o n t a i n e r  could  probably  be  reduced  i n  s i z e .  
TABLE 7 8 .  - NOMINAL PARACHUTE D E S 1  
I 
TY P e  
Main c h u t e  I d i s c  -gap-band 
NS 
Af terbody c h u t e  











According t o  t h e  G.  T. Schje . ldah1  Company, t h e  main c h u t e  
w i t h  i t s  c a n i s t e r ,  when r e l e a s e d ,  should  s t a y  i n f l a t e d  and p r e -  
s e n t s  no c o l l i s i o n  problem w i t h  t h e  descending  balloon/BVS s y s -  
t e m .  The pa rachu te  i s  r e l e a s e d  from t h e  b a l l o o n  by a p y r o t e c h n i c  
d e v i c e  j u s t  above t h e  b a l l o o n  t o p .  
F l o t a t i o n  System Opera t ion  
The f o l l o w i n g  sequence of e v e n t s  d e s c r i b e s  t h e  f l o t a t i o n  s y s -  
t e m  o p e r a t i o n s  : 
BVS and i n f l a t i o n  sys tem descend on main p a r a c h u t e  
a t  a dynamic p r e s s u r e  o f  1 p s f ;  
Baroswi tch  i s  t r i g g e r e d  a t  p r e s e t  p r e s s u r e  a l t i t u d e  
and  s ta r t s  deployment sequence (about  612 mb p r e s -  
s u r e )  ; 
Bal loon  c a n i s t e r  l i d  i s  r e l e a s e d  by o p e r a t i o n  of two 
e x p l o s i v e  n u t s ;  
Pa rachu te  e x t r a c t s  b a l l o o n  by a p p l y i n g  load  th rough  
t h e  d i f f u s e r  sock  and l i n e ;  
Sequencer opens i n f l a t i o n  sys tem low-flow s ta r t  v a l v e  
r e l e a s i n g  gas  t h a t  ex tends  and f i l l s  d i f f u s e r  sock .  
A t  t h i s  t i m e  t h e  b a l l o o n  p r e s s u r e  ven t  sys tem i s  
c l o s e d  o f f  because  i t  i s  l o c a t e d  i n  t h e  c a n i s t e r  
where i n f l a t i o n  p r e s s u r e s  are  r e l a t i v e l y  h igh ;  
2 s e c  l a te r  t h e  sequencer  s i g n a l s  t h e  h igh - f low s t a r t  
v a l v e  t o  open and  t h e  g a s  s t o r a g e  t a n k s  blow down i n  
abou t  45 s e c ,  i n f l a t i n g  t h e  b a l l o o n ;  
System s h u t o f f  v a l v e  i s  c l o s e d ;  
Line i s  seve red  between c a n i s t e r  and  p r e s s u r i z a t i o n  
sys tem by o p e r a t i o n  of t u b e  c u t t e r ;  
P r e s s u r i z a t i o n  sys tem i s  s e p a r a t e d  from BVS and d r o p s  
away; 
A t  comple t ion  of t h e  i n f l a t i o n  sys tem sequence ,  t h e  
b a l l o o n  o v e r p r e s s u r e  r e l i e f  sys tem i s  armed; 
Pa rachu te  i s  r e l e a s e d  from b a l l o o n ;  
I n f l a t i o n  g a s  w a r m s  up t o  envi ronmenta l  c o n d i t i o n s ,  
caus ing  t h e  b a l l o o n  t o  r i se  t o  d e s i g n  f l o a t  d e n s i t y  
a l t i t u d e .  Overp res su re  r e l i e f  v a l v e  v e n t s  o f f  e x c e s s  
gas  t o  l i m i t  s u p e r p r e s s u r e  t o  6 mb; 
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13) Makeup sys tem ( i f  c a r r i e d )  i s  a c t i v a t e d  a s  r e q u i r e d  
by command t o  c o r r e c t  f o r  p r e s s u r e  l o s s  due t o  such  
occur rences  as c r o s s i n g  t h e  t e r m i n a t o r ,  o r  encoun te r -  
- i n g  l a r g e  p e r t u r b a t i o n s  i n  t h e  environment .  
The nominal  dynamic t r a j e c t o r y l t i m e  h i s t o r y  of  t h e  BVS d u r i n g  
b a l l o o n  deployment ,  i n f l a t i o n ,  and s t a b i l i z a t i o n  i s  shown i n  
f i g u r e  88. A t  1600 s e c  and  a f t e r  a l t i t u d e  s t a b i l i z a t i o n ,  t h e  
e f f e c t  o f  r e l e a s i n g  a 5 - l b  d r o p  sonde i s  shown. 
F i g u r e  89 p r e s e n t s  t h e  t e m p e r a t u r e l t i m e  h i s t o r i e s  f o r  t h e  
b a l l o o n  s k i n  ( w a l l ) ,  t h e  b a l l o o n  g a s ,  and t h e  ambient  a tmosphere .  
The gas  t empera tu re  d rops  t o  abou t  405"R (-55°F) du r ing  h igh -  
p r e s s u r e  t a n k  blowdown, bu t  r a p i d l y  h e a t s  up due t o  bo th  b a l l o o n  
w a l l  t empera tu re  and  r a d i a t i o n  i n p u t s .  The f i n a l  supe r t empera tu re  
i s  about  31°F. F i g u r e  90 d e p i c t s  t h e  ven t  sys tem o p e r a t i o n .  A t  
abou t  480 sec,  t h e  g a s  has  h e a t e d  and expanded t o  t h e  p o i n t  where 
i t  beg ins  t o  ven t  t h e  e x c e s s  overboard .  During v e n t i n g ,  t h e  
s u p e r p r e s s u r e  i s  h e l d  v e r y  n e a r  t h e  des ign  v a l u e  of 6 mb. Dips 
i n  s u p e r p r e s s u r e  below 6 mb a re  caused when t h e  BVS o s c i l l a t e s  
below t h e  d e s i g n  a l t i t u d e .  
The f o l l o w i n g  r e s u l t s  of of f -nominal  c o n d i t i o n s  show t h a t  t h e  
b a s i c  system i s  c a p a b l e  o f  s u c c e s s f u l  o p e r a t i o n  under  most o f f -  
nominal c o n d i t i o n s ,  t h a t  t h e  sys tem is  h i g h l y  s e n s i t i v e  t o  some 
p e r t u r b a t i o n s ,  and  t h a t  t r a d e o f f s  are  p o s s i b l e  i n  many a r e a s  
where s e n s i t i v i t y  t o  p e r t u r b a t i o n s  i s  n o t  c r i t i c a l .  
I n f l a t i o n  t i m e . -  The t i m e  r e q u i r e d  t o  i n f l a t e  t h e  b a l l o o n  i s  
c o n t r o l l e d  by o r i f i c e .  The nominal o r i f i c e  s i z e  of 0 .065  sq i n .  
p roduces  a 45-sec  blowdown. A s m a l l e r  o r i f i c e  of  0.014 sq i n .  
and  a l a r g e r  o r i f i c e  of  0.080 sq i n .  produced blowdown t i m e s  o f  
200 and 30 s e c ,  r e s p e c t i v e l y .  The a l t i t u d e  t r a c e s  f o r  t h e  t h r e e  
i n f l a t i o n  t i m e s  show, i n  f i g u r e  91 ,  t h a t  i n f l a t i o n  t i m e  l ess  
t h a n  45 s e c  has  l i t t l e  e f f e c t  on t h e  b a l l o o n  t r a j e c t o r y .  It i s  
a p p a r e n t  a l s o  t h a t  i n f l a t i o n  t i m e s  as  long  a s  200 s e c  a r e  n o t  
d i s a s t r o u s ,  bu t  o n l y  doub le  t h e  d i s t a n c e  t h e  b a l l o o n  unde r shoo t s  
t h e  f l o a t  a l t i t u d e .  Temperature  p r o f i l e s  f o r  t h e  200-sec i n f l a -  
t i o n  show, i n  f i g u r e  92 ,  t h a t  t h e  b a l l o o n  t empera tu re  a f t e r  i n -  
f l a t i o n  d rops  t o  440"R o n l y  compared w i t h  402"R i n  t h e  nominal  
i n f l a t i o n .  The b a l l o o n  p e n e t r a t e s  t h e  a tmosphere  t o  a h i g h e r  
t e m p e r a t u r e ,  bu t  t h i s  e f f e c t  i s  n o t  a p p r e c i a b l e  (555 v s  540"R i n  



























Deployment a l t i t u d e . -  The b a s i c  sys tem d e s i g n  u s e s  a ba ro -  
m e t r i c  p r e s s u r e  s e n s i n g  d e v i c e  t o  i n i t i a t e  b a l l o o n  i n f l a t i o n .  
T y p i c a l l y ,  t h e  t o l e r a n c e  on a b a r o m e t r i c  s e n s i n g  d e v i c e  i s  con- 
s i d e r a b l y  l ess  t h a n  20 mb. 
i n t o  5600 f t  of  a l t i t u d e ,  i s  used i n  t h e  s t u d y .  
a v a r i a t i o n  i n  deployment a l t i t u d e  of t h i s  magni tude i s  s e e n  i n  
f i g u r e  9 3  t o  cause  no d i f f i c u l t y  i n  a c h i e v i n g  t h e  d e s i r e d  f l o a t  
a l t i t u d e .  The l a r g e s t  d e v i a t i o n  from t h e  nominal  t r a j e c t o r y  i s  
nowhere g r e a t e r  t h a n  0 . 2  km. 
A v a l u e  of  20 mb, which t r a n s l a t e s  
The e f f e c t  of  
Atmosphere v a r i a t i o n . -  Th i s  sys tem h a s  no  d i f f i c u l t y  a c h i e v i n g  
a f l o a t  c o n d i t i o n  i n  t h e  upper  and lower Venus a tmospheres  (appen-  
d i x  A) a s  s e e n  i n  f i g u r e  9 4 .  Because o f  t h e  d i f f e r e n t  d e n s i t y  
p r o f i l e s  t h e  b a l l o o n  f l o a t s  approx ima te ly  0 . 2  km above and 0 .32  
km below t h e  mean a tmosphere  f l o a t  a l t i t u d e .  
I n  and  o u t  of c l o u d s . -  The p r e s e n t  BVS concept  i n v o l v e s  b a l -  
loon  i n f l a t i o n  below t h e  c l o u d s  of  Venus, which a re  assumed t o  
comple t e ly  cover  t h e  p l a n e t  below 70 km. During t h e  nominal  m i s -  
s i o n ,  t h e  b a l l o o n  neve r  r ises  above t h e  p o s t u l a t e d  c loud  t o p  a n d ,  
t h e r e f o r e ,  d o e s n ' t  encoun te r  t h e  changes i n  b a l l o o n  t e m p e r a t u r e  
t h a t  would accompany in-and-out  of c l o u d  o p e r a t i o n .  I f  one spec -  
u l a t e s  abou t  t h e  c h a r a c t e r  of  t h e  Venus c louds  on t h e  b a s i s  of 
E a r t h  c loud  f o r m a t i o n s ,  t h e  p o s s i b i l i t y  of  a n  i r r e g u l a r  c loud  
t o p  might be cons ide red  t o  produce in-and-out  of c loud  c o n d i t i o n s  
a s  t h e  b a l l o o n  f l o a t s  a l o n g  a t  c o n s t a n t  d e n s i t y .  C e r t a i n l y ,  
t h e r e  a r e  no d a t a  a t  p r e s e n t  t o  suppor t  t h e  i n t e r m i t t e n t  o r  i r-  
r e g u l a r  c loud  cover  s u p p o s i t i o n .  However, t h i s  p o s s i b i l i t y  raises 
a p o t e n t i a l  t h r e a t  t o  t h e  BVS sys tem.  
To s t u d y  t h e  above problem, a h y p o t h e t i c a l  s i t u a t i o n  w a s  as-  
sumed i n  which i n f l a t i o n  and i n i t i a l  f l o a t  occu r  i n  t h e  c l o u d s  
a s  d i s c u s s e d  above ,  fo l lowed  by a 10-minute ou t -o f -c louds  p e r i o d  
and  subsequent  r e t u r n  i n t o  t h e  c louds .  I n  f i g u r e  9 5 ,  t h e  t e m -  
p e r a t u r e  of  t h e  gas  i n  t h e  b a l l o o n  i s  s e e n  t o  r i se  64" as  t h e  
b a l l o o n  d r i f t s  o u t  of t h e  c l o u d s .  Vent ing  of  1.02 l b  of  hydrogen 
o c c u r s  d u r i n g  t h i s  p e r i o d .  When t h e  b a l l o o n  d r i f t s  back i n t o  t h e  
c l o u d s ,  t h e  t empera tu re  d r o p s ,  and  t h e  b a l l o o n  beg ins  t o  descend 
as  i n d i c a t e d  i n  F i g u r e  9 6 .  The b a l l o o n  no  longe r  h a s  enough f r e e  
l i f t  and w i l l  c o n t i n u e  t h i s  d e s c e n t  t o  t h e  p l a n e t  s u r f a c e  u n l e s s  














































2 5 5  
Termina to r . -  The BVS r e q u i r e s  s p e c i a l  c o n t r o l  hardware t o  
accommodate t h e  l o s s  i n  t h e  b a l l o o n  supe r t empera tu re  when t h e  
BVS c r o s s e s  t h e  t e r m i n a t o r  i n t o  t h e  d a r k  s i d e  of Venus. It i s  
a s s u m e d  t h a t  t h e  b a l l o o n  remains i n  t h e  c louds  as i t  c r o s s e s  t h e  
t e r m i n a t o r ,  a n d ,  when t h e  s o l a r  r a d i a t i o n  d rops  t o  z e r o ,  t h e  
b a l l o o n  c o o l s  down t o  ambient  t empera tu re .  The ambient  t e m p e r a -  
t u r e ,  p r e s s u r e ,  and d e n s i t y  are assumed t o  remain t h e  same on 
e i t h e r  s i d e  of t h e  t e r m i n a t o r  w i t h i n  t h e  c louds .  Th i s  c o o l i n g  
r e s u l t s  i n  a nominal 25'F b a l l o o n  t empera tu re  l o s s  w i t h  a c o r r e -  
sponding t h e o r e t i c a l  27.5-mb p r e s s u r e  l o s s .  However, a f t e r  5.4'F 
c o o l i n g ,  t h e  b a l l o o n  r e a c h e s  z e r o  s u p e r p r e s s u r e ,  and  t h e  volume 
t h e n  r educes  by about  110 f t 3  d u r i n g  f u r t h e r  c o o l i n g .  The volume 
r e d u c t i o n  r e s u l t s  i n  n e g a t i v e  f r e e  l i f t ,  and t h e  b a l l o o n  w i l l  
descend t o  t h e  s u r f a c e  u n l e s s  c o r r e c t i v e  a c t i o n  i s  t aken .  It 
can  be  shown t h a t  t h e  f ree  l i f t  f o r  a z e r o  p r e s s u r e  b a l l o o n  i s :  
FREE LIFT 'LOFT 
where 
= t o t a l  weight  'LOFT 
WG = weight  of gas  
MA/MG = molecular  weight  r a t i o ,  a i r  t o  gas  
TG/TA = t empera tu re  r a t i o ,  gas  t o  a i r  ( t h i s  v a l u e  
approaches  1) 
o r ,  i n  o t h e r  words,  once t h e  ze ro  p r e s s u r e  b a l l o o n  beg ins  d e s c e n t ,  
t h e  f r ee  l i f t  ( i n  t h i s  c a s e  n e g a t i v e )  i s  a c o n s t a n t  and t h e  b a l -  
loon w i l l  descend t o  t h e  s u r f a c e .  
C o r r e c t i v e  a c t i o n  can be i n  t h e  form of e i t h e r  dropping  we igh t  
o r  add ing  makeup g a s .  A weight  d e c r e a s e  of 8 .1  l b  i s  r e q u i r e d .  
Re lease  of  drop  sondes can  m e e t  t h i s  r equ i r emen t .  I f  a gas  make- 
up system i s  used ,  i t  w i l l  r e q u i r e  a minimum of  0.45 l b  o f  hydrogen 
gas  a t  4500 p s i  i n  a 6 . 2  l b ,  1 0 . 2 - i n .  d i ame te r  t ank .  S p e c i a l  con-  
t r o l  hardware i s  r e q u i r e d  t o  s e n s e  t h e  l o s s  i n  s u p e r p r e s s u r e  and 
r e l e a s e  t h e  drop  sonde ( s )  o r  makeup gas  a t  t h e  a p p r o p r i a t e  time. 
I f  e i t h e r  i s  done t o o  e a r l y ,  t h e  b a l l o o n  may r i s e  and v e n t  b e f o r e  
i t  has  comple t e ly  c o o l e d ,  
256 
V e r t i c a l  winds . -  A p a r a m e t r i c  cu rve  i s  p re sen ted  i n  f i g u r e  
97 t o  demons t r a t e  t h e  s e n s i t i v i t y  of t h e  b a l l o o n  sys tem t o  up- 
d r a f t s .  During a n  u p d r a f t ,  t h e  b a l l o o n  w i l l  a lways remain f u l l y  
i n f l a t e d  because  i t  w i l l  remain i n  a s u p e r p r e s s u r e  c o n d i t i o n .  
T h e r e f o r e ,  i t s  volume and d r a g  c r o s s  s e c t i o n  remain c o n s t a n t  a n d ,  
f o r  a s t e a d y - s t a t e  u p d r a f t ,  t h e  ba l ance  of  f o r c e s  i s :  
Weight l o f t e d  = buoyancy f o r c e  + d r a g  f o r c e  
where 
pA = d e n s i t y  of a tmosphe re ,  l b / f t 3  
VB = volume of b a l l o o n ,  f t 3  
CD = d r a g  c o e f f i c i e n t  
V = u p d r a f t  v e l o c i t y  
A = c r o s s  s e c t i o n  area of  t h e  b a l l o o n  
g = g r a v i t a t i o n a l  a c c e l e r a t i o n  
It can  be  seen  t h a t  t h e  b a l l o o n  w i l l  r i s e  i n t o  t h e  lower 
d e n s i t y  a tmosphere  u n t i l  t h e  buoyancy f o r c e  r educes  enough t o  
e q u a l  t h e  d r a g  f o r c e  due t o  t h e  v e r t i c a l  wind.  A s  a n  example,  
i n  f i g u r e  9 7 ,  an u p d r a f t  of 8 f p s  ( a  p u r e l y  h y p o t h e t i c a l  c a s e )  
c a u s e s  t h e  b a l l o o n  t o  r i s e  0 .31 km above t h e  nominal f l o a t  r a d i u s  
of 6108 km. The ambient  p r e s s u r e  r e d u c t i o n  produces an  e f f e c t i v e  
s u p e r p r e s s u r e  i n  t h e  b a l l o o n  of  29 mb. Th i s  exceeds t h e  nominal 
d e s i g n  s u p e r p r e s s u r e  of  6 mb and w i l l  cause  v e n t i n g  t o  o c c u r .  The 
problem occur s  when such  an u p d r a f t  c e a s e s  a l l o w i n g  t h e  b a l l o o n  
t o  b e g i n  t o  r e t u r n  t o  i t s  o r i g i n a l  a l t i t u d e .  However, some of  
i t s  gas  has  been ven ted  and t h e  b a l l o o n  no longer  h a s  enough gas  
t o  produce f r e e  l i f t .  
The r e s u l t s  of dynamic s i m u l a t i o n  of t h e  above u p d r a f t  prob-  
l e m  a r e  shown i n  f i g u r e  98 ,  where a n  8 - fps  u p d r a f t  i s  s e e n  t o  
c a u s e  t h e  b a l l o o n  t o  r i s e  0.34 km above t h e  nominal f l o a t  a l t i -  
t u d e  and  approaches  an e q u i l i b r i u m  c o n d i t i o n  when t h e  u p d r a f t  i s  
i n s t a n t a n e o u s l y  removed. A s  expec ted ,  t h e  b a l l o o n  v e n t s  0.44 l b  
of  hydrogen d u r i n g  t h e  u p d r a f t  and cannot  s u s t a i n  i t s  o r i g i n a l  
f l o a t  c o n d i t i o n  when t h e  g u s t  i s  removed. The b a l l o o n  c o n t i n u e s  
i t s  d e s c e n t  t o  t h e  p l a n e t  s u r f a c e  u n l e s s  c o r r e c t i v e  a c t i o n  i s  
t a k e n .  
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On t h e  b a s i s  of f i g u r e  97 ,  a 6-mb s u p e r p r e s s u r e  b a l l o o n  can 
w i t h s t a n d  a v e r t i c a l  wind of 3 .5  f p s  w i t h o u t  encoun te r ing  t h e  
above problem. Turbulence  i s  c r i t i c a l  t o  t h e  BVS concept  bu t  i s  
no t  l i k e l y  t o  be v e r y  a c c u r a t e l y  known b e f o r e  t h e  f i r s t  BVS m i s -  
s i o n .  
I n i t i a l  p r e s s u r a n t  t empera tu re . -  An assumpt ion  i s  made i n  a l l  
of t h e  nominal b a l l o o n  deployment c a s e s  t h a t  t h e  p r e s s u r a n t  i n  
t h e  blowdown t a n k s  i s  a t  ambient  a tmosphe r i c  t empera tu re  (529.8"R 
a t  deployment a l t i t u d e  i n  t h e  mean Venus a tmosphe re ) .  This  i s  
n o t  a n  un reasonab le  assumpt ion  because t empera tu res  above and 
below t h i s  v a l u e  occur  i n  t h e  atmosphere b e f o r e  b a l l o o n  i n f l a -  
t i o n .  The u n c e r t a i n t y  i n  t h e  e x t e n t  of h e a t  t r a n s f e r  th rough 
t h e  t a n k  w a l l s  r e q u i r e s  t h a t  a t o l e r a n c e  on t h e  p r e s s u r a n t  t e m -  
p e r a t u r e  be  examined. A lower t h a n  nominal  t empera tu re  b e f o r e  
i n f l a t i o n  a g g r a v a t e s  t h e  t empera tu re  d rop  d u r i n g  i n f l a t i o n .  A 
t empera tu re  of 400"R, which i s  lower t h a n  t h e  lowes t  a tmosphere 
t empera tu re  occur ing  anyt ime d u r i n g  e n t r y ,  i s  compared i n  f i g u r e  
99 w i t h  t h e  nominal case. The low-pressurant  t empera tu re  i n -  
c r e a s e s  t h e  t i m e  r e q u i r e d  t o  r e a c h  e q u i l i b r i u m  f l o a t  by about  3 
minutes  and unde r shoo t s  t h e  f l o a t  a l t i t u d e  by a n  a d d i t i o n a l  0 . 4  
km. Ne i the r  of  t h e s e  r e s u l t s  i s  cons ide red  a problem. 
Dark s i d e  deployment.-  Bal loon deployment on t h e  1973 Venus/ 
Mercury swingby mis s ion  w i l l  occur  i n  t h e  c l o u d s ,  bu t  30" from 
t h e  t e r m i n a t o r  on t h e  d a r k  s i d e  of t h e  p l a n e t .  The e f f e c t  of  a 
s lower  b a l l o o n  t empera tu re  r i s e  and lower supe r t empera tu re  shown 
i n  f i g u r e  100 produces t h e  t r a j e c t o r y  p r o f i l e  shown i n  f i g u r e  
101. No d i f f i c u l t y  i s  exper ienced  i n  a c h i e v i n g  f l o a t  a l t i t u d e .  
If  t h e  b a l l o o n  does  c r o s s  t h e  t e r m i n a t o r  i n t o  t h e  l i g h t  s i d e  due 
t o  winds ,  t h e  b a l l o o n  w i l l  ven t  gas  as r e q u i r e d  and w i l l  c o n t i n u e  
t o  f l o a t  e s s e n t i a l l y  a t  t h e  d e s i r e d  a l t i t u d e .  Should t h e  b a l l o o n  
subsequen t ly  be blown back a c r o s s  t h e  t e r m i n a t o r ,  t h e  problem of  
c r o s s i n g  t h e  t e r m i n a t o r  from l i g h t  t o  d a r k  s i d e  w i l l  occur  and 
r e q u i r e  a s o l u t i o n .  
Bal loon  the rma l  a n a l y s i s . -  A s t u d y  w a s  conducted t o  de t e rmine  
t h e  b a l l o o n  gas  and w a l l  t empera tu res  a t  nominal  c o n d i t i o n s  f o r  
bo th  i n  and o u t  of  t h e  c louds .  The parameter  v a l u e s  a s s o c i a t e d  
w i t h  t h e  nominal c o n d i t i o n s  a r e  l i s t e d  i n  t a b l e  79. Although t h e  
c loud  t o p s  a r e  expec ted  t o  be above f l o a t  a l t i t u d e ,  a b reak  i n  
t h e  c loud  l a y e r  i s  n o t  u n l i k e l y .  A d d i t i o n a l l y ,  t empera tu res  were 
c a l c u l a t e d  f o r  t h e  extreme environments  ( t a b l e  79) t o  which t h e  
























































TABLE 79. - BALLOON PARAMETERS 
>190 300 
Pa rame te r  I 
4 9 0  300 
Atmosphere,  % C02/% N, 
F l o a t  a l t i t u d e ,  f t  
Cloud t o p  a l t i t u d e ,  f t  
Cloud t o p  t e m p e r a t u r e ,  OF 
Atmospher ic  t e m p e r a t u r e ,  
ta '  "F 
Sun a n g l e ,  deg  
Cloud s o l a r  t r a n s m i s -  
s i v i t y  
Cloud e m i s s i v i t y  
Atmospher ic  t r a n s m i s -  
s i v i t y  
Atmospher ic  e m i s s i v i t y  
A1 bedo 
Ba l loon  s o l a r  a b s o r p t i v -  
i t y ,  as 
Bal loon  s o l a r  t r a n s m i s -  
s i v i t y ,  T 
Bal loon  i n f r a r e d  a b s o r p -  
t i v i t y ,  E 
Bal loon  i n f r a r e d  t r a n s -  
m i s s i v i t y ,  T 
M u l t i p l i e r  i n  h e a t  t r a n s -  
f e r  c o e f f i c i e n t  e q u a t i o n s  
IR 
Range o f  v a l u e s  
85 /15  t o  95/05 
+1310 
300 -1640 
210 000 2 60 000 
-22 & 27 
F u n c t i o n  o f  a t -  
mosphere and 
a l t i t u d e ,  29  
0 t o  90 
0 t o  1.00 
1.00 
.85  t o  1 . 0 0  
.20 t o  1.00 
.50  t o  .90  
a.05 t o  .20 
.90 t o  .75  
b 
- 0 5  t o  .20 
. g o  t o  - 7 5  
1 .0  2 50% 
Nominal c o n d i t i o n s  
I n  c l o u d s  c l o u d s  
0 
. 1 4  
1.00 
. 9 3  
.25  
.76 
. l o  
.85 
-10 
. 8 5  
1.0 
Cold 
ex t reme 
85/15 
188 660 







- 8 5  
- 2 0  
-50 
. 0 5  
.88  
.05  
. a 5  
1 . 5  
Hot ex t reme 
95 105 
1 9 1  610 












- 2 0  
.80 
- 5  
+ T = 0.95 2 0.02 
b e  + r IR  = 0.95 +_ 0.05 
- Note :  Ba l loon  p r o p e r t i e s  a r e  based  on 1 . 5  m i l  t h i c k n e s s ;  v a r i a t i o n  w i t h  t h i c k n e s s  may be  
n e g l e c t e d  a s  l o n g  as t h e  t h i c k n e s s  d o e s  n o t  v a r y  more t h a n  1.0 m i l .  
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The a n a l y t i c a l  model which w a s  used i n  t h i s  s t u d y  c o n s i d e r e d  
t h a t  t h e  b a l l o o n  g a s ,  H2, r a d i a t e s  no h e a t  and i s  p e r f e c t l y  t r a n s -  
p a r e n t  t o  f o r e i g n  the rma l  r a d i a t i o n .  The b a l l o o n  material a b s o r b s  
r a d i a t i o n  from two pr imary  s o u r c e s  - -  t h e  sun  ( d i r e c t  and  a l b e d o )  
and Venus and i t s  c louds  and atmosphere ( i n f r a r e d ) .  The m a t e r i a l  
emi t s  i n f r a r e d  r a d i a t i o n .  M u l t i p l e  r e f l e c t i o n s  of s o l a r  and i n -  
f r a r e d  r a d i a t i o n  i n s i d e  t h e  b a l l o o n  were c o n s i d e r e d .  A d d i t i o n a l  
h e a t  t r a n s f e r  from t h e  m a t e r i a l  t a k e s  p l a c e  th rough  c o n v e c t i o n  
t o  t h e  environment and  t o  t h e  hydrogen. The developed  computer 
model c o n s i d e r s  t h e  b a l l o o n  t o  c o n s i s t  of f o u r  i s o t h e r m a l ,  e q u a l  
a r e a ,  segments .  A s chemat i c  of t h e  b a l l o o n  and i t s  environment  
i s  shown i n  f i g u r e  102.  
The fo l lowing  assumpt ions  were made i n  t h i s  a n a l y s i s :  
1) Albedo i s  r e f l e c t e d  from t h e  t o p  of t h e  c l o u d s  and  
2)  Clouds e m i t  i n f r a r e d  r a d i a t i o n  as  a b l a c k  body; 
3 )  I n f r a r e d  r a d i a t i o n  i s  e m i t t e d  from t h e  a tmosphere  
4 )  S o l a r  and i n f r a r e d  r e f l e c t i o n s  i n s i d e  t h e  b a l l o o n  
i s  d i f f u s e d ;  
a t  t h e  l o c a l  a tmosphere  t e m p e r a t u r e ;  
a re  d i f f u s e d ;  
v a r i o u s  wave leng ths .  
5 )  S o l a r  spec t rum does  n o t  change due t o  a b s o r p t i o n  of 
The b a l l o o n  gas  s t e a d y - s t a t e  t empera tu res  f o r  t h e  nominal  
and extreme c o n d i t i o n s  a r e  shown i n  t a b l e  80. The t e m p e r a t u r e  
e x c u r s i o n s  t h a t  w i l l  occur  as t h e  ba l loon  f l o a t s  i n  and o u t  o f  
t h e  c louds  a r e  59 and 12°F f o r  t h e  sun and d a r k  s i d e s ,  r e s p e c -  
t i v e l y .  On t h e  l i g h t  s i d e ,  t h e  h o t  extreme o c c u r s  when t h e  sun  
i s  d i r e c t l y  overhead (# = 0 ) ,  and t h e  co ld  ex t reme o c c u r s  when 
t h e  sun i s  on t h e  h o r i z o n  (4  = 90" ) .  
range  between 210" of t h e  gas  t empera tu re ,  w i t h  t h e  lower h a l f  
of  t h e  b a l l o o n  be ing  w a r m e r  t h a n  t h e  upper  h a l f .  
Wall t e m p e r a t u r e s  g e n e r a l l y  
Coat ing t h e  b a l l o o n  w i t h  a conve r s ion  c o a t i n g  w a s  i n v e s t i -  
g a t e d  a t  nominal env i ronmen ta l  c o n d i t i o n s .  Th i s  c o a t i n g ,  which 
can be a p p l i e d  t o  t h e  b a l l o o n  m a t e r i a l  and w i t h s t a n d  t h e  i n f l a -  
t i o n  p r o c e s s ,  i s  s i m i l a r  t o  t h e  c o a t i n g s  used  on PEGASUS and 
Echo 11. The r e s u l t s  showed t h a t  t h e  c o a t i n g  i n c r e a s e s  t h e  supe r -  
t empera tu re  approx ima te ly  5°F  both  i n  and o u t  of t h e  c l o u d s .  
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Solar flux / 
Atm o s p h e r e 
scattering 




. Figure 102.- Balloon and Environment 
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TABLE 80.-  BALLOON GAS TEMPERATURE 
Environment Atmosphere 
t e m p e r a t u r e s ,  OF 
Co Id  
Bal loon  gas  t empera tu re  , "F Bal loon  l o c a t i o n  
50 
on p l a n e t  
Dark s i d e  
L igh t  s i d e  
Dark s i d e  
L i g h t  s i d e  
Dark s i d e  
L igh t  s i d e  
I n  c louds  Out of c louds  
3 7  I 
A supplementary  s t u d y  w a s  conducted t o  de t e rmine  t h e  s e n s i -  
t i v i t y  of t h e  g a s  t empera tu re  t o  v a r i o u s  pa rame te r s  over  t h e i r  
expec ted  r a n g e s .  The e f f e c t s  of  t h e s e  pa rame te r s  a r e  shown i n  
f i g u r e s  103 th rough  107.  F igu re  107(a)  combines t h e  e f f e c t s  o f  
t h e  two pa rame te r s ,  sun a n g l e  and  c loud  t r a n s m i s s i v i t y ,  shown 
i n d i v i d u a l l y  i n  f i g u r e s  106(a)  and ( b ) .  These two a r e  i n t e r r e -  
l a t e d ,  i n  t h a t  c loud  t r a n s m i s s i v i t y  i s  a f u n c t i o n  of t h e  sun 
a n g l e .  
perature, whereas others  have l i t t l e  o r  no e f f ec t .  
a r e  most s ign i f i can t  a r e  the  constant f ac to r  i n  the  heat  t r a n s f e r  
coef f ic ien t  equation, the balloon mater ia l  propert ies  and the  at- 
mosphere temperature shown i n  f igures  lO3(a), lO3(b), and lob(&), 
respectively.  The sensTtivi ty  t o  some d i f f e r s  between i n  and out 
of the  clouds, e.g., albedo. The steady-state gas temperature w i l l  
be higher out of t he  clouds than i n  the  clouds, except when the  sun 
i s  near t he  horizon o r  when the  cloud t ransmiss iv i ty  i s  approximately 
0.50 o r  g rea t e r  [: f ig s .  106(a) and (b)  3 . 
t h e  b a l l o o n  i s  too  l a r g e .  The b a l l o o n  m a t e r i a l  should be a s  
t r a n s p a r e n t  as  p o s s i b l e  t o  b o t h  s o l a r  and i n f r a r e d  r a d i a t i o n .  
A d d i t i o n a l l y ,  a c o a t i n g  should  n o t  be used .  
Certain parameters have a pronounced e f f e c t  on the  gas tem- 
l'hose t h a t  
A c t i v e  the rma l  c o n t r o l  t echn iques  a re  n o t  f e a s i b l e ,  because  
Ba l loon  s t r e s s  a n a l y s i s  ."- Wherever p o s s i b l e ,  t h e  b a l l o o n  i s  
t r e a t e d  a s  a p r e s s u r e  v e s s e l .  The govern ing  c r i t e r i a  be ing  a n  
1 8 . 0 5 - f t  d i ame te r  s p h e r e  o p e r a t i n g  a t  10 mb i n t e r n a l  p r e s s u r e  
w i t h  a b a s i c  membrane s t ress  of  6000 p s i .  The s t r u c t u r e  must 
a l s o  have t h e  c a p a b i l i t y  of  s u p p o r t i n g  a suspended s t a t i c  l oad  
of 175 l b  and  a t r a n s i e n t  load  of 500 l b .  
The g e n e r a l  c o n f i g u r a t i o n  i s  shown i n  f i g u r e  108. 
'"Raven I n d u s t r i e s  I n c . ,  Sioux F a l l s ,  S o ,  Dak. 
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F i g u r e  104 . -  Gas Temperature  S e n s i t i v i t y  t o  Atmospheric  Tempera ture  
and Cloud Top Temperature  
-- - -- - -- - .- --- P 













h .  
)-I 140 
E ----- 
Out of c louds  
- - -- - .-r 100 
.20 .40 .60 .80 1 .oo 
Atmospheric emissivity 
(a> 
.80 .90 1 .oo 
(b) 
Atmospheric transmissivity 
Figure 105.- Gas Temperature Sensitivity to Atmospheric Emissivity 
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Cloud t r a n s m i s s i v i t y  
(b)  
F i g u r e  106.- Gas Tempera ture  S e n s i t i v i t y  t o  Sun Angle and 
Cloud T r a n s m i s s i v i t y  
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Sun Cloud - a n g l e ,  d e q  t ra nsmi s s i v i  t y 
---- 
Out of c l o u d s  
-90 - 60 -30 0 30 60 90 
Sun. a n g l e ,  deg 
(a) 
.50 .70 .80 .90 
Albedo 
(b )  
F i g u r e  107 . -  Gas Temperature  S e n s i t i v i t y  t o  Sun Angle and Albedo 
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Attachment  l u g  a s sembly  
Dacron t u b i n g  
Sphere 
216.8- in .  dlam 
?I Payload 
I 
k-108.4-in. diam 4 
v 
175 l b  s t a t i c  
500 l b  t r a n s i e n t  
sock 
F i g u r e  108.-  Ba l loon  Genera l  C o n f i g u r a t i o n  
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Material p r o p e r t i e s  used f o r  t h i s  a n a l y s i s  a r e  a s  f o l l o w s :  
1) P o l y e s t e r  (Mylar) f i l m ,  
a )  
b) Y ie ld  po in t  ( a t  4 % ) ,  F = 12 000 p s i ,  
c )  
d) Po i s sons  r a t i o ,  p = 0.36;  
U l t ima te  t e n s i l e  s t r e n g t h ,  Ftu = 25 000 p s i ,  
t Y  
T e n s i l e  modulus, E = 0 . 5 5  x I O 6  p s i ,  
2 )  GT 300 p o l y e s t e r  f i l m ,  
a)  
b) 
U l t i m a t e  t e n s i l e  s t r e n g t h ,  Ftu = 22 200 p s i ,  
T e n s i l e  modulus,  E = 0 . 5 5  x l o 6  p s i ;  
3 )  Dacron c l o t h  (1.25 oz/yd2) - U l t i m a t e  t e n s i l e  s t r e n g t h ,  
= 45  l b / i n . ;  
P u l t  
4 )  Nylon molding,  g l a s s  f i b e r  r e i n f o r c e d ,  
a)  
b) 
c )  U l t i m a t e  shea r  s t r e n g t h ,  F = 1 2  000 p s i ;  
U l t i m a t e  t e n s i l e  s t r e n g t h ,  Ftu = 20 000 p s i ,  
T e n s i l e  modulus,  E = 1.4 x l o 6  p s i ,  
s u  
5 )  Dacron webbing, 314  i n .  - U l t i m a t e  t e n s i l e  s t r e n g t h ,  
Pult = 750 l b ;  
= 1000 l b .  P u l t  6) Dacron t u b e  - U l t i m a t e  t e n s i l e  s t r e n g t h ,  
Ac tua l  membrane s t ress  f o r  t h e  s p h e r e  i s  c a l c u l a t e d  from w a l l  
t h i c k n e s s '  r e q u i r e d  t o  s u s t a i n  10 mb ( 0 . 1 4 5  p s i g )  i n t e r n a l  p r e s s u r e  
w i t h  a membrane s t ress  of 6000 p s i  
P.R 
-1p  t 
r e q  2F 
0 
- 0 .145  x 108.4 - 
2 x 6000 
= 0.00131 i n .  
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A c t u a l  w a l l  t h i c k n e s s  based on 3 / 4 x 3 / 4 ~ 1 / 2  m i l  . f i l m  u s i n g  
f i l m  t h i c k n e s s  o n l y  i s :  
t = 0.00150 i n .  a c t  
The a c t u a l  r e s u l t i n g  membrane s t ress  i s  t h e n :  
P . R  - iL?L 
2 t a c t  
0 a c t  
- 0.145 x 108.4 - 
2 x 0.00150 
= 5250 p s i  
M a r t i n  of s a f e t y :  
0 
F 
M S = - -  1 
'act  
- - - I  6000 
5250 
= f 0 . 1 4  
Tube s t ress :  Using t h e  same m a t e r i a l  f o r  t h e  t u b e  a s  f o r  
t h e  s p h e r e  r e s u l t s  i n :  
Hoop s t ress ,  
0.145 x 6.5 
0.00150 0 =  H 
= 630 p s i  
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L o n g i t u d i n a l  s t r e s s ,  
iRt 
OL 2 t  
= -  
0 .145  x 6.5 
2 x 0.00150 
- 
= 315 p s i  
Margin of s a f e t y ,  
F. 




- - -  
= +8.5 
L o n g i t u d i n a l ,  
0 
F 




= - -  
= +18 
Unpressurized.  d i a m e t e r  d e t e r m i n a t i o n  i s  made by s t a r t i n g  w i t h  
p r e s s u r i z e d  d i ame te r  ( s e e  f i g .  108) 
= 216.8 i n .  D p i  
- 
a t  6000 p s i  s t ress .  Using 0 .0015- in .  f i l m  a t  an u l t i m a t e  p r e s -  
s u r e  of 10 mb (0.145 p s i g ) ,  t h e  induced stress i s  5250 p s i :  
S t r a i n  : 
- 5250 




Diameter :  
- 216.8 - 
1.00955 
= 214.75 i n .  
o r  
17 .95  f t  
Reinforced  open ings . -  The i d e a l  area f o r  r e i n f o r c i n g  r i n g s  
i n  a s p h e r i c a l  s h e l l  w i t h  a c i r c u l a r  segment o f  t h e  membrane r e -  
moved may b e  c a l c u l a t e d  by e q u a t i n g  r i n g  and s h e l l  d i sp l acemen t  
below, 
N cos cp N 'B- 
N 
0 N cos  cp 
cp 
Ring d e f l e c t i o n :  
o r  r fj = -  
r r E 
(N COS cp)r2 
6 =  r Ar 
F 0 = -  
r r A  
F = r N  C O S T  
cp 
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S h e l l  d e f l e c t i o n :  
N r  
= - (1 - p) ' s  E S t 
Equat ing  
and s u b s t i t u t i n g ,  
f!P2@ = (1 - p) 
E t  Ar Er S 
Es r t  cos  w 
Ar 1 - I J .  
= - .  
l e t  
t h e n  
3- - - E r ,  p = 0.36, ' '  Cp = 0 
ES 
A = 1.56 r t  r 
With t h i s  b a s i c  r e l a t i o n s h i p  e s t a b l i s h e d ,  i t  i s  now p o s s i b l e  
t o  de t e rmine  t h e  amount of r e in fo rcemen t  r e q u i r e d  a t  t h e  c u t  
o u t s .  
-1, "For p o l y e s t e r  r e s i n s  f rom r e f e r e n c e  11. 
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Cut out for attachment lug 
w 
A = 1.56 x 0 . 5  x 0.0015 
r 
JL t = 0.0015 
6 
t = 0.0045 r 
= 0.00117 i n . 2  
in. 
in. 
rl = r + w = 0 . 5  + 0.26  = 0.76 i n .  
Cut out for tube 
W 
= 0.0015 in. 
= 0.0035 in. -e r 
t' = 0.0025 in. 
L = 4.0 in. 
A = 1 .56  x 6 . 5  x 0.0015 = 0.0152 i n .  r 
A - t'L 
0.0156 - 0.0025 x 4 - - 1 . 6  i n .  -  r t 0.0035 w =  r 
r '  = r + w = 6 . 5  + 1 . 6  = 8 .1  i n .  
27 9 
Load t r a n s f e r  cone.-  
' - 350 - 8.6 l b / i n .  N = n 1 3 - - -  fi 13 
N -  = N cos  30" = 7.45  l b / i n .  
13 i n .  
I 
, -  \ c o n e  (1.25 oz/yd2 dacron  
\ Hoop band 
314- in .  dac ron  webbing 
P = 175 l b  x FS = 350 l b  
Load on hoop band: 
'hoop cp 
= f i13(7.45 4- 4 . 3 )  
= 480 l b  
Margin of s a f e t y :  




- -  - 
= 4-0.56 
Loading due  t o  P e n t e r s  t h e  b a l l o o n  s t r u c t u r e  t a n g e n t i a l l y  
through a bonded j o i n t  a t  a d i ame te r  of  108.4 i n .  Stress  imposed 
by t h i s  l oad  i s  t h e n  superimposed on t h e  b a s i c  membrane s t ress .  
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Uni t  l o a d i n g  due t o  P:  
- 350 - 
n108.4  
= 1.03 l b / i n .  
Uni t  l o a d i n g  due t o  P : i 
- 0.145 x 108.4 - 
2 
= 7.85 l b / i n .  
T o t a l  u n i t  l oad ing :  
Nt  = Np + NPi 
= 8.88 l b / i n .  
R e s u l t i n g  s t ress :  
- 8.88 - 
0.0015 
= 5867 p s i  




M S = - - 1  
0 
6000 - - -  1 
5867 
= +o .02 
281 
The cone w i l l  be bonded t o  t h e  s p h e r e  w i t h  a n  adhes ive  n o t  y e t  
de te rmined;  however, t h e  load ing  i s  of a magnitude such t h a t  s t r u c -  
t u r a l  i n t e g r i t y  w i l l  e a s i l y  be ach ieved .  
Attachment l u g  assembly . -  The d e s i g n  and load ing  f o r . t h e  l u g  
assembly  i s  shown below. 
1 
Sphere 





1 k 0 . 2 5  i n .  
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A n t i c i p a t e d  f a i l u r e  i s  made a t  45" from e i t h e r  s i d e  o f  t h e  a p -  
p l i e d  load  w i t h  a s t ress  area o f :  
A = 0.0625 i n .*  ( 2  p l a c e s )  
S 
P / 2  = 500 l b  
Pt = P = P I 2  cos  45O 
S 
= 500 x 0.70711 
= 354 l b  
Shear  s t ress :  
S 0 = -  
S 
P 
S A  
- 3 54 - 
0.0625 
= 5650 p s i  
T e n s i l e  s t r e s s :  
- 3 54 - 
0.0625 
= 5650 p s i  
Margin of s a f e t y  ( s h e a r )  : 
s u  F MS = - - 1  
0 
S 




Margin o f  s a f e t y  ( t e n s i o n )  : 
- 20 000 - - 
5650 
Thread s h e a r :  
P 
d = 0.9536 i n .  
P 
Margin of  s a f e t y :  
P c r =  
s n d 112  L 
P 
- 1000 - 
r[ .9536 x .5 x .375 
= 1770 p s i  
= 4-5.8 
T r a n s i e n t  l o a d i n v  through d i f f u s e r  sock . -  T r a n s i e n t  l o a d i n g  
caused by deployment shock i s  t r a n s m i t t e d  from t h e  payload th rough  
t h e  d i f f u s e r  sock  t o  t h e  d e c e l e r a t o r  sys tem.  The t u b e  i s  con- 
s t r u c t e d  o f  1 . 2 5  oz/yd2 dacron  c l o t h ,  which i s  capab le  of  c a r r y -  
i n g  45 l b / i n .  i n  t h e  load  d i r e c t i o n ,  
Un i t  l o a d i n g  on tube :  
P 
n d  
N = -  
1000 
n 13 
- -   
= 24.5  l b / i n .  
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Margin o f  s a f e t y :  
p u l  t MS = N  - 1 
4 . 5  
24 .5  
- - -   
= W.84 
P = 1000 l b  
J o i n t s . -  The j o i n t e d  a r e a s  a r e  c o n s t r u c t e d  by bonding poly-  
es te r  t a p e  on e i t h e r  s i d e  o f  t h e  pa ren t  m a t e r i a l  w i t h  a p o l y e s t e r  
based t h e r m o p l a s t i c  m a t e r i a l .  The t a p e  i s  o f  t h e  same b a s i c  mate- 
r i a l  a s  t h e  s p h e r e  and o f  g r e a t e r  t o t a l  t h i c k n e s s .  It has  been 
demonst ra ted  th rough  p a s t  e x p e r i e n c e  a t  Raven t h a t  t h i s  t y p e  o f  
c o n s t r u c t i o n  w i l l  deve lop  s t r e n g t h  equal  t o  o r  g r e a t e r  t han  t h e  
p a r e n t  m a t e r i a l .  T y p i c a l  j o i n t  c o n s t r u c t i o n  i s  shown below.  
Sphere 
L B o n d l  i n e  
T r a n s i e n t  l o a d i n g  th rough  dacron  t u b i n g . -  Load i s  t r a n s f e r r e d  
from t h e  d i f f u s e r  sock  t o  t h e  a t t achmen t  l u g  and f i n a l l y  t o  t h e  
d e c e l e r a t i n g  sys tem by dac ron  t u b i n g  t h a t  i s  capab le  of  c a r r y i n g  
1000 lb. 
Thus,  t h e  margin of  s a f e t y  i s  
- 1 = o  'u1 t 1000 1000 'act  
MS = -- 1 = -
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The problem a r e a s  a s s o c i a t e d  w i t h  t h e  f l o t a t i o n  system ope ra -  
t i o n  i n c l u d e :  
1) Developing f o l d i n g  and packaging t e c h n i q u e s  t o  mini- 
mize s t resses  due t o  r a p i d  e x t r a c t i o n .  
2)  Minimize s t r e s s e s  due t o  b a l l o o n  b e i n g  s u b j e c t e d  t o  
t he  dynamic p r e s s u r e  o f  1 p s f .  A wind t u n n e l  t e s t  
program would f a c i l i t a t e  e v a l u a t i o n  o f  t h i s  problem. 
A l s o ,  t h e  system i s  designed t o  i n i t i a l l y  i n f l a t e  a 
bubble  a t  t h e  t o p  o f  t h e  b a l l o o n ,  which w i l l  q u i c k l y  
s t a b i l i z e  t h e  b a l l o o n  s h a p e .  The p a r a c h u t e  load w i l l  
f u r t h e r  h e l p  t o  s t a b i l i z e  and s t r e t c h  t h e  b a l l o o n  du r -  
i n g  i n i t i a l  i n f l a t i o n .  
3 )  Leaks due t o  p i n h o l e s  must b e  c a r e f u l l y  avoided.  
M a t e r i a l s  and l a m i n a t e  s e l e c t i o n  a s  w e l l  a s  packaging 
and f o l d i n g  t e c h n i q u e s  w i l l  be u s e d  t o  e l i m i n a t e  
t h i s  problem. 
4 )  The dynamics o f  i n i t i a l  i n f l a t i o n  and r ecove ry  was 
though t  t o  be  a problem, bu t  subsequent  dynamics simu- 
l a t i o n s  o f  b o t h  thermodynamic exchange between t h e  
b a l l o o n ,  blowdown i n f l a t i o n  g a s ,  and environment;  and 
t h e  t r a j e c t o r y  dynamics have proven t h e  system f e a s i -  
b i l i t y .  It i s  v e r y  advantageous t o  i n f l a t e  w i t h  co ld  
g a s  and a l low i t  t o  warm up, expand and v e n t  o f f  t o  
the r e q u i r e d  amount f o r  f l o t a t i o n .  T h i s  a l l o w s  t h e  
system t o  adap t  and i n i t i a l i z e  i t s e l f  t o  v a r i a t i o n s  
i n  t empera tu re  and p r e s s u r e .  
5) Another  problem a r e a  i s  t h e  unknown magnitude of t h e  
v a r i a t i o n s  i n  t h e  environment such a s  v e r t i c a l  g u s t s ,  
cloud b r e a k s ,  and g e n e r a l  t u r b u l e n c e .  These p e r t u r b a -  
t i o n s  have an impact on t h e  system d e s i g n  and t h e  de-  
s i g n  s e n s i t i v i t y  t o  t h e s e  v a r i a t i o n s  i s  d i s c u s s e d  ' 
l a t e r  i n  t h i s  s e c t i o n .  
F l o t a t i o n  System Opt ions  
Z e r o - p r e s s u r e  b a l l o o n . -  The re  a r e  two p o s s i b l e  forms of  t h e  
n o n e x t e n s i b l e  b a l l o o n  - -  t h e  z e r o - p r e s s u r e  and t h e  s u p e r p r e s s u r e  
b a l l o o n .  It i s  o f  i n t e r e s t  t o  examine f i r s t  why t h e  s u p e r p r e s s u r e  
b a l l o o n  was s e l e c t e d  f o r  t h e  b a s e l i n e  d e s i g n  and,  second, under 
what c o n d i t i o n s  t h e  use  o f  a z e r o - p r e s s u r e  b a l l o o n  might be con- 
s i d e r e d .  
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With b o t h  forms ,  a n o n e x t e n s i b l e  b a l l o o n  when f u l l y  i n f l a t e d  
f i l l s  a v i r t u a l l y  c o n s t a n t  volume, VB,  because  t h e  e l a s t i c i t y  
o f  p o s s i b l e  b a l l o o n  m a t e r i a l s  such  a s  Mylar i s  n e g l i g i b l e .  The 
mass t h a t  i s  s u p p o r t a b l e  by such  a b a l l o o n  i s  equal  t o  t h e  mass 
o f  t h e  d i s p l a c e d  a tmosphere ,  
M = p  V 
S A B  
where 
M = t o t a l  mass o f  gondola ,  b a l l o o n  and i n f l a t i o n  g a s ,  S 
= d e n s i t y  o f  a tmosphere .  PA 
During t h e  o r i g i n a l  i n f l a t i o n ,  an e x t r a  amount o f  gas  i s  p l aced  
Yn t h e  b a l l o o n  s o ,  a s  t h e  b a l l o o n  r i s e s  t o  i t s  e q u i l i b r i u m  a l t i -  
t u d e ,  t h e  b a l l o o n  i s  f u l l y  ex tended .  During t h i s  r i s e ,  t h e  s u p e r -  
p r e s s u r e  b a l l o o n  ma in ta ins  a c o n s t a n t  p r e s s u r e  d i f f e r e n t i a l ,  AP, 
above t h e  su r round ing  atmosphere,  wh i l e  t h e  z e r o - p r e s s u r e  b a l l o o n  
i s  vented t o  t h e  atmosphere so t h a t  AI? = 0 .  
Equat ion  (1) can be r e w r i t t e n  t o  s e p a r a t e  t h e  mass o f  t h e  i n -  
f l a t i o n  g a s  from t h e  suppor ted  mass: 
where 
MG = t h e  mass o f  g a s ,  
% = mass l o f t e d  i n c l u d i n g  t h e  gondola  o r  payload mass 
and t h e  b a l l o o n  mass.  
Assuming t h a t  t h e  b a l l o o n  p r o p e r l y  approaches  i t s  f l o t a t i o n  
a l t i t u d e  from below, so t h a t  t h e  i n f l a t i o n  g a s  comple te ly  f i l l s  
t h e  b a l l o o n ,  t h e  p e r f e c t  gas  law r e l a t e s  t h e  mass o f  gas  t o  t h e  
f u l l y  extended b a l l o o n  volume, vB'  
287 
where 
PG = p r e s s u r e  o f  g a s ,  
TG = a b s o l u t e  t e m p e r a t u r e  o f  g a s ,  
W = molecu la r  weight  o f  g a s ,  G 
R = u n i v e r s a l  g a s  c o n s t a n t .  
S u b s t i t u t i n g  e q u a t i o n  ( 3 )  i n t o  (2)  , 
The a tmosphe r i c  d e n s i t y  can a l s o  b e  o b t a i n e d  from t h e  p e r f e c t  g a s  
law , 
I n  g e n e r a l ,  t h e  a tmospheric  and g a s  p r e s s u r e  a r e  r e l a t e d  by 
t h e  s u p e r p r e s s u r e ,  
PG = PA + ap 
and s i m i l a r l y ,  t h e  g a s  t e m p e r a t u r e s  by t h e  s u p e r t e m p e r a t u r e  8 ,  
T~ = T~ + e (7) 
where 8 i s  induced by t h e  b a l a n c e  o f  r a d i a n t  h e a t  i n p u t  and o u t -  
p u t  f o r  t h e  b a l l o o n  g a s .  I n  t h e  o p e r a t i n g  r e g i o n  on Venus, 8 
h a s  been determined t o  be  a c o n s t a n t ,  p r o v i d i n g  t h e r e  i s  a con- 
s t a n t  c loud c o v e r .  Fo r  a f i r s t - o r d e r  approx ima t ion :  
TG = kTA 
where k = 1.059.  U t i l i z i n g  e q u a t i o n s  (6). , (7) , and (8) , equa- 
t i o n  (5) can be  w r i t t e n :  
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I f  some p e r t u r b a t i o n  c a u s e s  loss  of g a s  so t h a t  MG becomes 
s m a l l e r ,  t h e  s u p e r p r e s s u r e  i s  r educed ,  i n  t h e  c a s e  o f  t h e  s u p e r -  
p r e s s u r e  b a l l o o n ,  and t h e  b a l l o o n  remains f u l l y  i n f l a t e d  and s t a b l e .  
I n  the c a s e  o f  t h e  z e r o - p r e s s u r e  b a l l o o n  where @.P i n  e q u a t i o n  (9 )  
i s  z e r o ,  any g a s  l o s s  r e q u i r e s  t h a t  t h i s  mass l o f t e d ,  
be  made s m a l l e r ,  o r  t h e  b a l l o o n  mass b a l a n c e  i s  d e s t r o y e d  and t h e  
b a l l o o n  w i l l  f a l l  t o  t h e  p l a n e t  s u r f a c e .  Z e r o - p r e s s u r e  b a l l o o n s  
can  be  made s t a b l e  by d ropp ing  b a l l a s t ,  t h e r e b y  r e d u c i n g  
by p r o v i d i n g  makeup g a s .  
%, must 
% O r  
Three  p o s s i b l e  p e r t u r b a t i o n s  w i l l  p robab ly  c a u s e  l o s s  o f  i n -  
f l a t i o n  g a s  - -  (1) u p d r a f t s  t h a t  t e m p o r a r i l y  p l a c e  t h e  b a l l o o n  i n  
a r e g i o n  o f  lower a tmosphe r i c  p r e s s u r e ;  (2 )  r e v e r s a b l e  changes i n  
r a d i a n t  h e a t  f l u x  where t h e  v a l u e  o f  -9 r i s e s  and t h e n  r e t u r n s  
t o  a lower l e v e l  due  t o  t h e  temporary changing of t h e  cloud dens -  
i t y ;  and (3)  l eakage  t h a t  i s  due t o  t h e  s u p e r p r e s s u r e  ( i n  a z e r o -  
p r e s s u r e  b a l l o o n  a t  t h e  top  of  t h e  b a l l o o n . )  
T h e r e f o r e ,  a s  w i t h  the b a s e l i n e  c o n f i g u r a t i o n ,  where no p r o -  
v i s i o n  i s  made f o r  e i t h e r  b a l l a s t i n g  o r  makeup g a s ,  a z e r o - p r e s s u r e  
b a l l o o n  canno t  s u r v i v e  even the s l i g h t e s t  a d v e r s e  a tmosphe r i c  
changes .  Even though t h e  Venus environment can be expec ted  t o  be 
more ben ign  t h a n  t h a t  o f  E a r t h  where a z e r o - p r e s s u r e  b a l l o o n  c a n -  
n o t  s u r v i v e  a s i n g l e  s u n s e t ,  c l e a r l y  a z e r o - p r e s s u r e  b a l l o o n  w i t h  
no makeup o f  b a l l a s t  i s  u n d e s i r a b l e .  The p r i m a r y  t r a d e o f f  i s  
r a t h e r  on t h e  proper  amount o f  s u p e r p r e s s u r e .  It can b e  s e e n  from 
e q u a t i o n  (9)  t h a t  t he  l a r g e r  t he  s u p e r p r e s s u r e  f o r  a g i v e n  b a l l o o n ,  
t h e  s m a l l e r  t h e  payload t h a t  can be  s u p p o r t e d .  The t r a d e o f f  i s  
t h e n  between b a l l o o n  a b i l i t y  t o  s u r v i v e  a tmosphe r i c  ‘ p e r t u r b a t i o n s  
and g e n e r a l  payload c a p a b i l i t y .  
It may be  d e s i r a b l e  t o  add a g a s  makeup system t o  t h e  b a l l o o n  
t o  p r o v i d e  t h e  b a l l o o n  t h e  c a p a b i l i t y  of w i t h s t a n d i n g  p a s s i n g  com- 
p l e t e l y  o u t  o f  t h e  cloud c o v e r .  I f  t h i s  a d d i t i o n  i s  found n e c e s -  
s a r y ,  a z e r o - p r e s s u r e  b a l l o o n  becomes an a t t r a c t i v e  a l t e r n a t i v e  
d e s i g n .  It i s  p o s s i b l e  t o  o p e r a t e  a z e r o - p r e s s u r e  b a l l o o n  a s  a n  
a l t i t u d e  sounding d e v i c e .  A s  p r e v i o u s l y  d e s c r i b e d ,  a s l i g h t  a t -  
mospheric d i s t u r b a n c e  w i l l  u p s e t  t h e  b a l l o o n ’ s  mass b a l a n c e  s t a r t -  
i n g  the b a l l o o n ’ s  d e s c e n t  toward the s u r f a c e .  The d e s c e n t  v e l o c -  
i t y  i s  a f u n c t i o n  o f  t h e  magnitude o f  t h e  d i s t u r b a n c e ,  b u t  can  be 
expec ted  t o  be on t h e  o r d e r  o f  1 m/sec.  When t h e  b a l l o o n  h a s  de -  
scended t o  a p r e s e t  t e m p e r a t u r e  l e v e l  i n  the atmosphere,  makeup 
g a s  i s  i n j e c t e d  i n t o  t h e  b a l l o o n  r e v e r s i n g  t h e  d e s c e n t .  The b a l -  
l o o n  w i l l  t h e n  c o n t i n u e  r i s i n g  t o  i t s  o r i g i n a l  f l o t a t i o n  a l t i t u d e  
t o  a w a i t  a second a tmosphe r i c  d i s t u r b a n c e .  
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With t h e  gas  makeup system assumed, t h e  advantages  and d i s a d -  
van tages  o f  a z e r o - p r e s s u r e  b a l l o o n  a r e  a s  fo l lows :  
1) D i sadvan tages ,  
a) Loses  a b i l i t y  t o  p rov ide  wind p a t t e r n  i f  b a l l o o n  
c y c l e s  between two c o u n t e r - c i r c u l a t i n g  wind p a t -  
t e r n s ,  
b)  Would s u r v i v e  a s h o r t e r  t i m e  t han  t h e  supe rp res -  
s u r e  b a l l o o n  i f  faced  w i t h  a g r e a t  number o f  l o w  
ampl i tude  a tmospher ic  v a r i a t i o n s ;  
2)  Advantages , 
a )  Would p rov ide  numerous v e r t i c a l  soundings o f  t h e  
atmosphere,  
b) Would s u r v i v e  a l o n g e r  t i m e  than  t h e  s u p e r p r e s s u r e  
b a l l o o n  i f  faced  w i t h  a l a r g e  number o f  h i g h  ampl i -  
t u d e  a tmospher ic  v a r i a t i o n s ,  
System s i z e  and we igh t . -  A s t u d y  was performed t o  show t h e  i n -  
t e r r e l a t i o n  between f l o a t  a l t i t u d e ,  gondola we igh t ,  and b a l l o o n  
s i z e .  For t h i s  s t u d y  i t  was assumed t h a t  t h e  b a l l o o n  had a 1% 
s u p e r p r e s s u r e ,  and t h a t  t h e  o p e r a t i n g  b a l l o o n  s k i n  s t r e s s  was 
3600 p s i .  
F i g u r e  109 shows t h e  b a l l o o n  d i ame te r  r e q u i r e d  t o  f l o a t  a 175- 
l b  gondola a t  v a r i o u s  r a d i u s  a l t i t u d e s  from 6100 t o  6124 km. The 
b a l l o o n  d i ame te r  i s  r a p i d l y  i n c r e a s i n g  a t  h i g h e r  a l t i t u d e s  due t o  
b o t h  the  reduced d e n s i t y  and t h e  i n c r e a s i n g  weight  o f  t h e  b a l l o o n  
i t s e l f .  The ambient t empera tu res  a r e  190 and -34°F a t  r a d i u s  
a l t i t u d e s  of  6100 and 6124 km, r e s p e c t i v e l y .  A t  e i t h e r  o f  t h e s e  
ex t remes ,  t h e  ambient t empera tu res  would r e s u l t  i n  a requi rement  
f o r  e x t e n s i v e  thermal  c o n t r o l  equipment i n  t h e  gondola ;  whereas ,  
a t  t h e  nominal f l o a t  r a d i u s  o f  6108 km t h e  ambient t empera tu re  i s  
70°F and a c t i v e  thermal  c o n t r o l  i s  no t  r e q u i r e d .  
F i g u r e  110 shows t h e  b a l l o o n  s i z e  r e q u i r e d  f o r  v a r i o u s  gondola 
w e i g h t s  a t  t h e  nominal r a d i u s  a l t i t u d e  o f  6108 km. The t o t a l  
Lofted weight  i n c l u d e s  t h e  weight  o f  t h e  b a l l o o n  and i n f l a t i o n  
g a s ,  which a t  t h e  nominal gondola weight  o f  175 l b  amounts t o  an 
a d d i t i o n a l  25 l b  o r  a t o t a l  l o f t e d  weight  o f  200 l b .  An approx i -  
mation o f  t h e  t o t a l  BVS system weight  i n c l u d i n g  i n f l a t i o n  t a n k s ,  
b u t  no t  i n c l u d i n g  t h e  e n t r y  sys tem weight  i s :  
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For t he  b a s e l i n e  c a s e ,  a gondola we igh t  o f  175  l b  r e s u l t s  i n  
a BVS weight  o f  400 l b .  
Improved c a p a b i l i t y . -  A s t u d y  was made t o  d e t e r m i n e  t h e  e f f e c t s  
o f  d e s i g n i n g  t h e  f l o t a t i o n  system f o r  improved performance c a p a b i l -  
i t y .  
s p e c i f i e d  r e q u i r e m e n t s ,  t h e r e  a r e  some major unknowns t h a t  have a 
d i r e c t  e f f e c t  on t h e  p r o b a b i l i t y  of  mis s ion  s u c c e s s .  These unknowns 
concern t h e  g e n e r a l  environment and i n c l u d e  such items a s  c loud  
d e n s i t y  and d i s t r i b u t i o n ,  a tmosphe r i c  t u r b u l e n c e ,  and p r e v a i l i n g  
winds.  
Although t h e  b a s e l i n e  f l o t a t i o n  system meets t h e  p r e s e n t l y  
When t h e  BVS i s  d i s t u r b e d  i n  such  a way t h a t  i t  exceeds i t s  
p r e s e n t  f l o t a t i o n  d e s i g n  l i m i t a t i o n s ,  i t  may l o s e  i t s  f r e e  l i f t  
and descend t o  t h e  s u r f a c e ,  t h u s  t e r m i n a t i n g  t h e  mis s ion .  F o r  
example, i f  t h e  b a l l o o n  i s  fo rced  t o  r i s e  due  t o  an u p d r a f t  beyond 
about  60 m y  i t  w i l l  v e n t  o u t  t h e  s u p e r p r e s s u r e  o r  e q u i v a l e n t  f ree  
l i f t  and when t h e  u p d r a f t  s t o p s  t h e  b a l l o o n  descends  t o  t h e  s u r -  
f a c e .  A l s o ,  i f  t h e  BVS f l o a t s  o u t  o f  t h e  c l o u d s  i n t o  t h e  s u n l i g h t ,  
it may h e a t  up s u f f i c i e n t l y  t o  v e n t  a s i g n i f i c a n t  amount of hydro-  
gen.  A s  l o n g  a s  i t  remains i n  t h e  s u n l i g h t ,  t h e  b a l l o o n  w i l l  op- 
e r a t e  no rma l ly ;  however, i f  i t  t h e n  r e e n t e r s  t h e  c l o u d s ,  i t s  tem- 
p e r a t u r e  d r o p s  and t h e  b a l l o o n  w i l l  l o s e  i t s  f r e e  l i f t .  C r o s s i n g  
t h e  t e r m i n a t o r  i n t o  t h e  d a r k  s i d e  r e s u l t s  i n  a s i m i l a r  supertem- 
p e r a t u r e  l o s s .  T h e r e  a r e  t h r e e  b a s i c  ways t o  c o r r e c t  t h e  s i t u a -  
t i o n  so t h a t  t h e  BVS w i l l  c o n t i n u e  f l o a t i n g .  When t h e  f r e e  l i f t  
i s  l o s t ,  t h e  b a l l o o n  may be r e i n f l a t e d  w i t h  a sma l l  makeup g a s  
system o r  b a l l a s t  may be  r e l e a s e d  s o  t h a t  t h e  reduced l i f t  w i l l  
e q u a l  t h e  reduced t o t a l  we igh t .  The t h i r d  method i s  a c t u a l l y  a 
change i n  i n i t i a l  d e s i g n  by c o n s t r u c t i n g  a s t r o n g e r  b a l l o o n  t h a t  
would c a r r y  a v e r y  h i g h  s u p e r p r e s s u r e  and ,  t h u s ,  never  exceed i t s  
f r e e  l i f t  margin d u r i n g  t h e  p r e s s u r e  and t e m p e r a t u r e  v a r i a t i o n s .  
A comparison of  t h e s e  v a r i o u s  methods o f  improving t h e  b a l -  
l oon  performance i s  shown i n  table .  81.  Both h i g h - p r e s s u r e  hydro-  
gen t a n k  blowdown and gas  g e n e r a t i o n  a r e  shown, a s  w e l l  a s  t h e  
b a l l a s t  d rop  and s t r o n g e r  b a l l o o n  approaches .  
For comparison p u r p o s e s ,  t h e  c a s e  i n  which t h e  BVS c r o s s e s  t h e  
t e r m i n a t o r  t o  t h e  d a r k  s i d e  was used .  I n  t h i s  s i t u a t i o n ,  t h e  b a l -  
l oon  t e m p e r a t u r e  d r o p s  abou t  30°F, and 0 .45  l b  o f  makeup g a s  i s  
r e q u i r e d  t o  r e i n f l a t e  t h e  b a l l o o n  t o  i t s  nominal s u p e r p r e s s u r e  o f  
6 mb. F o r  Case 1, t h e  h i g h - p r e s s u r e  (4500 p s i )  H2 t a n k  h a s  a 
we igh t  f a c t o r  o f  about  14 l b  o f  t a n k  p e r  pound o f  H,, and t h e  
t o t a l  we igh t  i s  about  6 . 7  l b ,  i n c l u d i n g  H,. T h i s  system i s  f a i r l y  
s i m p l e  and c o n s i s t s  o f  an o n / o f f  v a l v e  t o  r e l e a s e  t h e  H2 and u s e s  
t h e  b a s i c  b a l l o o n  p r e s s u r e  s e n s o r  s w i t c h  f o r  c o n t r o l .  T h i s  sys t em 
i s  c o n s i d e r e d  t h e  b e s t  o v e r a l l  system a t  p r e s e n t  and t h e  o t h e r  
systems a r e  compared t o  i t .  
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The second and t h i r d  makeup systems i n c l u d e  a l i t h i u m  boro-  
h y d r i d e  and w a t e r  g a s  g e n e r a t o r .  T h i s  approach could be t h e  l i g h t -  
e s t  system w i t h  s u f f i c i e n t  t e c h n i c a l  development because  i t  re-  
q u i r e s  o n l y  7.24 l b  o f  l i t h i u m  borohydr ide  p l u s  w a t e r  f o r  each 
pound o f  H2 g a s .  It does r e q u i r e  a w a t e r  t a n k ,  a c a n i s t e r  w i t h  
c a t a l y s t  and f i l t e r  t o  g e n e r a t e  t h e  H2 gas  a t  1900'F and t o  sepa -  
r a t e  t h e  r e s i d u e  and gas  a s  w e l l  a s  a n  a p p r o p r i a t e  v a l v e  t o  re-  
l e a s e  t h e  w a t e r .  Again,  t h e  b a s i c  b a l l o o n  p r e s s u r e  s e n s o r  s w i t c h  
i s  used t o  c o n t r o l  t h e  w a t e r  v a l v e .  The gas  g e n e r a t o r ,  Case 2 ,  
assumes a v e r y  slow r a t e  o f  g a s  g e n e r a t i o n  so t h a t  t h e  gene ra t ed  
h e a t  i s  d i s s i p a t e d  w i t h o u t  damage t o  t h e  b a l l o o n .  
From dynamic s i m u l a t i o n s  i t  appea r s  t h a t  a c e r t a i n  minimum 
r a t e  may be  r e q u i r e d  f o r  g a s  g e n e r a t i o n  t o  keep t h e  b a l l o o n  from 
l o s i n g  e x c e s s i v e  a l t i t u d e .  To de te rmine  t h e  impact o f  g a s  gene ra -  
t i o n  r a t e  on t h e  system d e s i g n ,  a t he rma l  a n a l y s i s  was conducted 
t o  de t e rmine  r a d i a t o r  we igh t  r e q u i r e d .  The r e s u l t  i s  t h a t  a r a d i -  
a t o r  t u b e  of  6 .0  l b  i s  r e q u i r e d  t o  coo l  t h e  h o t  g a s  based on a 
t o t a l  g e n e r a t i o n  t i m e  of  200 s e c  and a maximum b a l l o o n  g a s  tem- 
p e r a t u r e  i n c r e a s e  o f  5'F. 
i s  11 .3  l b .  The gas  g e n e r a t i o n  scheme a p p e a r s  s l i g h t l y  h e a v i e r  
and c o n s i d e r a b l y  more complex t h a n  t h e  h i g h - p r e s s u r e  t a n k  system. 
T o t a l  makeup system weight  f o r  Case 3 
Case 4 i s  a b a l l a s t  drop system i n  which deadweight ( l e a d  s h o t  
o r  dense l i q u i d  l i k e  mercury) i s  r e l e a s e d  a s  r e q u i r e d  t o  l i g h t e n  
t h e  BVS s o  t h a t  t h e  reduced l i f t  and weight  a r e  a g a i n  e q u a l .  A 
b a l l a s t  weight  o f  about  8 l b  i s  r e q u i r e d ,  and a s imple  v a l v e  con- 
t r o l l e d  by t h e  b a l l o o n  p r e s s u r e  s e n s o r  s w i t c h  could be used .  An- 
o t h e r  p o s s i b i l i t y ,  Case 5 ,  would b e  t o  r e s e r v e  t h e  two 5 - l b  d rop  
sondes  u n t i l  needed f o r  b a l l a s t .  From a mis s ion  s t a n d p o i n t ,  t h i s  
i s  n o t  d e s i r a b l e  because t h e  d rop  sondes would p robab ly  be r e l e a s e d  
some d i s t a n c e  a p a r t  f o r  b e s t  cove rage .  However, w i t h  any system, 
t h e  d rop  sondes p rov ide  a d d i t i o n a l  b a l l a s t  margin i f  needed. Be- 
c a u s e  t h e  drop sondes a r e  p a r t  o f  t h e  b a s i c  BVS, no we igh t  p e n a l t y  
i s  shown f o r  them i n  t h e  comparison. 
Case 6 i s  t h e  approach i n  which a h e a v i e r  b a l l o o n  s k i n  i s  
f a b r i c a t e d  g i v i n g  t h e  b a l l o o n  t h e  c a p a b i l i t y  of m a i n t a i n i n g  a 
s u p e r p r e s s u r e  o f  about  35 mb i n s t e a d  o f  t h e  b a s i c  6 mb. Because 
t h e  b a l l o o n  weight  i s  d i r e c t l y  p r o p o r t i o n a l  t o  t h e  i n t e r n a l  p r e s -  
s u r e  f o r  a g iven  f i l m  s t r e s s :  
t =  pD 
40 
295 
o r  
where 
WB = b a l l o o n  we igh t ,  
AB = a r e a  o f  b a l l o o n ,  
p = p r e s s u r e  i n  b a l l o o n ,  
D = d iame te r ,  
CI = s k i n  s t ress ,  
p = b a l l o o n  f i l m  d e n s i t y .  
The new b a l l o o n  weight  i s  about  52 l b  and i s  n o t  c o m p e t i t i v e  
from a weight  s t a n d p o i n t  w i t h  any o f  t h e  o t h e r  sys tems.  On t h e  
o t h e r  hand,  i t  i s  comple t e ly  p a s s i v e  and,  t h e r e f o r e ,  t h e  most re- 
l i a b l e  approach .  
Based on t h i s  c u r s o r y  i n v e s t i g a t i o n ,  a Combination sys tem ap -  
p e a r s  d e s i r a b l e .  T h i s  sys tem would c o n s i s t  o f  a somewhat s t r o n g e r  
b a l l o o n  i n  combinat ion w i t h  a h i g h - p r e s s u r e  H2 t a n k  makeup system. 
I n  c o n j u n c t i o n  w i t h  t h e  drop  sondes ,  t h i s  sys tem would be  extreme- 
l y  v e r s a t i l e ,  and much of  t h e  mis s ion  might be completed w i t h  o n l y  
t h e  p a s s i v e  more rugged b a l l o o n .  I n  t h e  e v e n t  o f  e x c e s s i v e  t u r -  
bu lence ,  broken c l o u d s  and t e r m i n a t o r  c r o s s i n g ,  t h e  sys tem would 
have  a h i g h  p r o b a b i l i t y  of  s u r v i v i n g  t h e  p r e s s u r e  and t empera tu re  
e x c u r s i o n s .  
I n f l a t i o n  system s t o r e d  g a s  v s  gas  g e n e r a t o r . -  Var ious  i n f l a -  
t i o n  sys tem approaches  have been s t u d i e d ,  i n c l u d i n g  a s t o r e d  g a s  
sys tem and g a s  g e n e r a t o r  sys tems.  The s t o r e d  gas  sys tem uses  a 
t a n k  made o f  a f i lament-wound t h i n  aluminum l i n e r  p r e s s u r i z e d  
w i t h  hydrogen t o  4500 p s i :  Boron o r  carbon f i l a m e n t s  promise a 
weight  r e d u c t i o n ,  b u t  a r e  n o t  cons ide red  h e r e .  The i n f l a t i o n  i s  
performed by opening a v a l v e  and l e t t i n g  t h e  t a n k  blow down i n t o  
t h e  b a l l o o n  th rough  a d i f f u s e r .  T h i s  r e s u l t s  i n  t h e  hydrogen gas 
i n i t i a l l y  e n t e r i n g  t h e  b a l l o o n  a t  a low t empera tu re  (-5OoF),  and 
i t  then  s lowly  h e a t s  and expands t o  i n f l a t e  t h e  b a l l o o n .  Ten 
p e r c e n t  e x c e s s  H, i s  inc luded  and al lowed t o  v e n t  a s  t h e  b a l l o o n  
p r e s s u r e  t o p s  o f f  a t  t h e  f i n a l  f l o a t  a l t i t u d e .  T h i s  a l l o w s  con- 
s i d e r a b l e  u n c e r t a i n t y  of  envi ronmenta l  c o n d i t i o n s  i n  which t h e  
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b a l l o o n  w i l l  a d a p t  and i n i t i a l i z e  i t 's  t e m p e r a t u r e  and p r e s s u r e .  
The blowdown pe r iod  i s  nomina l ly  45 sec and i s  s p e c i f i e d  t o  mini-  
mize t h e  t i m e  d u r i n g  which t h e  b a l l o o n  i s  exposed t o  t h e  e x t e r n a l  
dynamic p r e s s u r e  w h i l e  descend ing  on t h e  p a r a c h u t e .  
Two t y p e s  of g a s  g e n e r a t o r s  were c o n s i d e r e d  -- a h y d r a z i n e  
t y p e ,  and a m e t a l l i c  h y d r i d e  ( l i t h i u m  borogydr ide  and w a t e r )  t y p e .  
The b a s i c  d i s a d v a n t a g e  of t h e s e  systems i s  t h a t  c o n s i d e r a b l e  h e a t  
i s  g e n e r a t e d  a l o n g  w i t h  t h e  hydrogen g a s .  The decompos i t ion  tem- 
p e r a t u r e  o f ' p u r e  h y d r a z i n e  and h y d r a z i n e l w a t e r  m i x t u r e s  exceeds 
500"F, and t h e  e x h a u s t  t empera tu re  of t h e  l i t h i u m  borohydr ide  and 
w a t e r  r e a c t i o n  exceeds 1900°F. These extreme g a s  t e m p e r a t u r e  must 
be  reduced below about  275°F t o  p reven t  damage t o  t h e  b a l l o o n  m a -  
t e r i a l s .  More i m p o r t a n t ,  when h o t  g a s  i s  used t o  i n f l a t e  t h e  
b a l l o o n ,  i t  must e v e n t u a l l y  c o o l  down t o  e q u i l i b r i u m  t e m p e r a t u r e s ,  
and i t  l o s e s  p r e s s u r e  and volume i n  t h e  p r o c e s s ,  T h e r e f o r e ,  a 
h o t  gas  system does  n o t  t o p  o f f  as a c o o l  gas  system d o e s .  T h i s  
c o n s i d e r a t i o n  a l o n e  i s  enough t o  d i s q u a l i f y  t h e  h o t  g a s  sys t ems .  
To make them workab le ,  gaseous and l i q u i d  hydrogen were c o n s i d e r e d  
f o r  c o o l i n g  t h e  g a s .  T h i s  r e s u l t s  i n  a doub ly  compl i ca t ed  d u a l  
system f o r  each.  For t h e  d e s i g n  comparison,  a maximum a l l o w a b l e  
gas  t e m p e r a t u r e  a f t e r  c o o l i n g  was chosen a t  275°F. - 
T a b l e  8 2  compares hydrogen i n f l a t i o n  systems on a weight  b a s i s .  
The monopropel lant  h y d r a z i n e  g a s  g e n e r a t o r s  w i t h  e i t h e r  l i q u i d  o r  
gaseous hydrogen c o o l i n g  a r e  n o t  c o m p e t i t i v e  w i t h  t h e  gaseous hy- 
d rogen  i n f l a t i o n  system by a c o n s i d e r a b l e  w e i g h t  margin,  and q u a l -  
i t a t i v e l y  t h e s e  systems a r e  more complex t h a n  t h e  b a s e l i n e  sys t em.  
Various chemical  r e a c t i o n s ,  a s  shown i n  t a b l e  83, were con- 
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Composition r Compound Water r e a c t i o n  
Pen taborane  
Decaborane 
Li th ium borohydr ide  
Hydrazine b i s - b o r a n e  
B 5 H s  
B, O H 1  4 
L i B H 4  
NZH4(BH3)2 
B S H s  f 15H20 + 5[B(OH)3] 
B, OH, 4+30H,0-.10 [ B (OH) 3 ] f22H2 
+ 1 2 H 2  
L i B H 4  f 2H,O -. LiBO, + 4H2 
NZHe(BH3) + 5Hz + 2BN 
Pound s o l i d  
w a t e r / l b  H, 
13 . 9  
1 5 . 1  
and 
7 . 2 5  
6.0 
I t  i s  a p p a r e n t  t h a t  l i t h i u m  borohydr ide  and hydraz ine  b i s -  
borane  a r e  t h e  most promis ing  from t h e  s t a n d p o i n t  of weight  o f  
r e a c t a n t s  pe r  pound of hydrogen g e n e r a t e d .  Hydrazine b i s - b o r a n e  
i s  n o t  s t e r i l i z a b l e ;  t h e r e f o r e ,  l i t h i u m  borohydr ide  was used i n  
t h i s  comparison.  
T a b l e  82 ,  Case 4 p r e s e n t s  t h e  l i t h i u m  borohydr ide  comparison 
and shows t h a t  t h i s  sys tem i s  o n l y  s l i g h t l y  h e a v i e r  t h a n  t h e  base -  
l i n e  sys tem even w i t h  t h e  r e q u i r e d  c o o l i n g  g a s .  However, t h i s  
sys tem i s  n o t  developed and i s  somewhat more complex mechan ica l ly ;  
t h e r e f o r e ,  it has  no advan tage  over  t h e  b a s e l i n e  system. 
Subl iming s o l i d s :  The subl iming  s o l i d s  l i s t e d  i n  Tab le  84 
were checked f o r  use  a s  a s o u r c e  o f  i n f l a t i o n  g a s .  The use  of  
t h e s e  s o l i d s  i s  prec luded  because  o f  t h e i r  low vapor  p r e s s u r e  and 
h i g h  molecular  we igh t .  For example,  a sys tem u s i n g  an i n f l a t i o n  
gas  w i t h  a molecular  weight  o f  25 would r e q u i r e  a b a l l o o n  volume 
o f  4550 ft’ and an i n f l a t i o n  gas  weight  o f  284 l b .  
The b a s e l i n e  gaseous  hydrogen blowdown system was t h e  c h o i c e  
f o r  t h e  BVS i n f l a t i o n  sys tem because  it i s  t h e  l i g h t e s t  we igh t ,  
l e a s t  complex o f  t h o s e  systems c o n s i d e r e d .  
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TABLE 8 4 . -  SUBLIMING AND DISSOCIATING SOLIDS 
Compound 
Ammonium b i s u l  f i d e  
Ammonium carbamate 
Ammonium bicarbonate  
Ammonium carbonate 
Ammonium az ide  
Ammonium formate 
Ammonium chlor ide  
Par a fo r  ma 1 d ehyd e 
Acet emid  e 
Nap tha 1 ene 
RRC (subliming so l id )  
Composition 




2 N H 4 N 3  
NH4CO OH 
NH4CJ 
HO ( CH20) ,H 
CH3CONHz 
c1 O H 8  
- - - -  
Mean molecular 










1 2  8 
25 
Vapor pressure 
a t  70°F, psia  









NH3 f HZS 
2NH3 f CO, 
NH3 f HzO f CO, 
NH3 f CO, f HZO 
2NH3 + H2 + 3N2 
NH3 f HCOOH 
NH4C.l 
NHCHO 4- HZO 
C H3 CON H2 
C l  O H 8  
---_ 
F l o t a t i o n  System Suppor t ing  Data  
P r o b a b i l i t y  o f  s u r v i v a l . -  L i f e  expec tancy  f o r  t h e  Venus b a l -  
l o o n  i s  based  on d a t a  from t h e  GHOST F l i g h t  Program, i n  which 
some 84 s u p e r p r e s s u r e  b a l l o o n s  were launched between March 1966 
and March 1967. The l aunch ings  were under  t h e  a u s p i c e s  o f  t h e  
N e w  Zealand Meteo ro log ica l  S e r v i c e ,  t h e  Environmental  S c i e n c e  
S e r v i c e s  A d m i n i s t r a t i o n ,  and the N a t i o n a l  S c i e n c e  Foundat ion .  
The f l i g h t  program was conducted by t h e  N a t i o n a l  Center  f o r  A t -  
mospher ic  Resea rch  and was d e s c r i b e d  i n  r e f e r e n c e  1 2 .  
N ine teen  o f  t h e  b a l l o o n s  launched f i t  i n t o  t h e  l a r g e s t  s i n g l e  
c a t e g o r y  a p p l i c a b l e  t o  a l i f e  p r e d i c t i o n  f o r  t h e  Venus b a l l o o n .  
The p a r t i c u l a r  b a l l o o n s  were f a b r i c a t e d  from 1 .5-mi l  Mylar ,  w i t h  
a d i a m e t e r  o f  2.04  m y  a s u p e r p r e s s u r e  o f  30 mb, o p e r a t e d  i n  a 
f l o t a t i o n  a tmospher ic  p r e s s u r e  o f  300 mb, and were l i s t e d  a s  f a i l -  
i n g  because  o f  b a l l o o n  l e a k a g e .  It i s  assumed, i n  t h e  a n a l y s i s  
t o  f o l l o w ,  t h a t  a comparable  l e v e l  o f  deployment c a r e  can  b e  
ach ieved  on Venus, and t h a t  t h e  i n t e g r i t y  o f  t h e  Mylar f i l m  w i l l  
a l s o  b e  comparable .  
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The f i r s t  problem i s  t o  deve lop  an e m p i r i c a l  d i s t r i b u t i o n  
f u n c t i o n  t o  d e s c r i b e  t h e  p r o b a b i l i t y  of  s u r v i v a l  o f  t h e  s u b j e c t  
1 9  b a l l o o n s .  Because t h e  form o f  t h i s  d i s t r i b u t i o n  i s  unknown, 
t h e  two parameter  Weibul l  d i s t r i b u t i o n  was used ,  because  t h e  re- 
s u l t  can b e  f l e x i b i l y  v a r i e d  by proper  c h o i c e  of t h e  two param- 
e t e r s ,  
B -t a R ( t )  = e 
where R ( t )  i s  t h e  p r o b a b i l i t y  t h a t  t h e r e  w i l l  be  no b a l l o o n  l i f e  
s h o r t e r  t h a n  t ,  and a and 8 a r e  d i s t r i b u t i o n  pa rame te r s .  
By t a k i n g  doub le  l o g a r i t h m s  o f  e q u a t i o n  (IO), a l i n e a r  equa-  
t i o n  i s  found,  
The a c t u a l  d a t a  f o r  t h e  1 9  b a l l o o n s  were t h e n  f i t t e d  t o  t h i s  
l i n e a r  e q u a t i o n  u s i n g  a l e a s t  s q u a r e  €it w i t h  t h e  fo l lowing  re-  
s u l t :  
where t h e  s u b s c r i p t  E r e f e r s  t o  e q u i v a l e n t  e a r t h  t i m e .  
A second s t e p  r e q u i r e d  t o  use  GHOST b a l l o o n  d a t a  t o  p r e d i c t  
Venus b a l l o o n  s u r v i v a l  p r o b a b i l i t y  i s  t h e  d e t e r m i n a t i o n  o f  t h e  
e f f e c t  of  b a l l o o n  f i l m  t h i c k n e s s  on l e a k  r a t e s .  During t h e  GHOST 
program, a s e t  o f  30 b a l l o o n s  was s u b j e c t e d  t o  q u a n t i t a t i v e  l e a k  
t es t s  b e f o r e  l aunch .  Averaging t h e  l e a k  r a t e s  f o r  b a l l o o n s  of  
two t h i c k n e s s e s  and a f t e r  making ad jus tmen t s  f o r  t h e  v a r y i n g  
b a l l o o n  volumes, two vo lumet r i c  r a t e s  were o b t a i n e d :  
1)  1 .5 -mi l  b a l l o o n ,  0.0004274 m3/m2/day; 
2) 2 .5-mi l  b a l l o o n ,  0.0001342 m3/m2/day. 
Because t h e s e  r a t e s  were o b t a i n e d  under t h e  same a tmospher i c  con- 
d i t i o n s ,  t h e  mass f low per  s q u a r e  meter  per  day w i l l  show t h e  
same p r o p o r t i o n .  
To o b t a i n  an e m p i r i c a l  cu rve  p a s s i n g  through t h e s e  two p o i n t s ,  
u s e  was made of two a d d i t i o n a l  p o i n t s ;  i . e . ,  zero l e a k  r a t e  w i t h  
an  i n f i n i t e  t h i c k n e s s  and an i n f i n i t e  l e a k  r a t e  w i t h  ze ro  t h i c k -  
n e s s .  Such a c o n s t r a i n t  p roduces  a r e l a t i o n s h i p  w i t h  t h e  form: 
. B  
m~ = A  
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where 
h i s  t h e  mass l e a k  r a t e ,  
7 i s  t h e  t h i c k n e s s ,  
A and B a r e  c o n s t a n t s .  
The r a t i o  o f  t h e  l e a k  r a t e s  f o r  two t h i c k n e s s e s ,  and T~ 
a r e  
The parameter  B was de te rmined  t o  be  2 .268 ,  and,  because  it 
i s  d e s i r e d  t o  de t e rmine  t h e  l i f e  expec tancy  f o r  b a l l o o n s  of f i l m  
t h i c k n e s s  o t h e r  t han  1 . 5  m i l s ,  t h e  mass l e a k  r a t e  f o r  a t h i c k n e s s  
o f  7 i s  g iven  by,  
2 .268 
m = m  
Development of  b a l l o o n  l eakage  model: To model t h e  l eakage  
o f  gas  th rough  t h e  b a l l o o n  f i l m ,  t h e  t y p e  of  f low th rough  p o s s i b l e  
h o l e s  i n  t h e  f i l m  must be  d e f i n e d .  A h o l e  l a r g e  enough t o  produce 
a s i g n i f i c a n t  l e a k  r a t e  may be  cons ide red  t o  be an  o r i f i c e .  For  
example,  a h o l e  of an  e f f e c t i v e  c r o s s  s e c t i o n a l  a r e a  o f  1 ( m i l ) 2  
would a c t  a s  an o r i f i c e  because  i t s  d i ame te r  i s  i n  t h e  same o r d e r  
of  magnitude a s  t h e  b a l l o o n  f i l m  t h i c k n e s s .  However, 1000 such  
h o l e s  would l e a k  o n l y  5 cu f t  of  g a s  p e r  day ,  i n i t i a l l y ,  f o r  t h e  
b a s e l i n e  b a l l o o n  c o n f i g u r a t i o n .  Such a c o l l e c t i o n  o f  h o l e s  would 
s t i l l  r e q u i r e  a lmost  t h e  e n t i r e  7-day mis s ion  t o  b leed  t h e  6-mb 
s u p e r p r e s s u r e  down t o  1 mb. Not o n l y  do s m a l l e r  h o l e s  have a 
n e g l i g i b l e  l eakage  e f f e c t ,  bu t  t h e i r  e x i s t e n c e  w i l l  be  prevented  
by t h e  use  o f  s o f t  p l a s t i c  bond between t h e  two l a m i n a t i o n s  o f  
t h e  b a l l o o n  s k i n .  
Given t h a t  t h e  h o l e s  under c o n s i d e r a t i o n  a r e  o r i f i c e s ,  t h e  
mass f low o f  gas  through t h e  h o l e  i s  g iven  by,  
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where 
A+: = t h e  e f f e c t i v e  a r e a  o f  t h e  h o l e  i n c l u d i n g  o r i f i c e  co-  
e f f i c i e n t ,  
AP = t h e  p r e s s u r e  d i f f e r e n t i a l  a c r o s s  t h e  h o l e ,  
p = t h e  d e n s i t y  of  t h e  g a s ,  
Y = expans ion  f a c t o r  ( v a r i e s  between] 0 .995  a t  6 mb t o  1 . 0  
a t  0 mb and assumed t o  b e  equa l  t o  1 . 0 ) .  
A t  t h i s  p o i n t ,  w e  d e f i n e  a random v a r i a b l e  C y  which i s  t h e  
summation of  t h e  a r e a  o f  a l l  h o l e s ,  each  having  an e f f e c t i v e  a r e a  
o f  A+:/sq f t  o f  a b a l l o o n  f i l m  w i t h  a t h i c k n e s s  o f  1 . 5  m i l s .  The 
mass flow f o r  t h e  e n t i r e  b a l l o o n  i s  then  g iven  a s  f o l l o w s ,  a f t e r  
s u b s t i t u t i n g  e q u a t i o n  (15) 
= -A c J 2 a p p  
2 . 2 6 8  
‘t 
where A i s  t h e  s u r f a c e  a r e a  o f  b a l l o o n .  With an a p p r o p r i a t e  
change i n  C y  t h e  s u r f a c e  a r e a  o f  t h e  b a l l o o n  can be expres sed  
a s  t h e  r a t i o  of  t h e  b a l l o o n  volume (V) t o  d i ame te r  ( D ) .  
. -cv Jap p 
2 . 2 6 8  m =  
D 7  
Because t h e  i n f l a t i o n  gas  w i l l  f o l l o w  t h e  p e r f e c t  gas  law 
5 (‘A -I- ”) 
R T + e  M =  ( *  ) 
where 
M = mass of  g a s ,  
V = volume of  b a l l o o n ,  
P = a tmospher i c  p r e s s u r e ,  
A 
A€’ = p r e s s u r e  a c r o s s  b a l l o o n  f i l m ,  
R = u n i v e r s a l  gas  c o n s t a n t ,  
303 
% =  
- 
TA - 
e =  
molecular  weight  o f  i n f l a t i o n  g a s ,  
a tmospher ic  t empera tu res ,  
supe r t empera tu re  o f  i n f l a t i o n  g a s .  
D i f f e r e n t i a t i n g  e q u a t i o n  (19) w i t h  r e s p e c t  t o  OP 
S u b s t i t u t i n g  t h e  v a l u e  f o r  d m  i n  e q u a t i o n  (20) i n t o  equa t ion  
(18) an e q u a t i o n  r e l a t i n g  d OP and d t  i s  o b t a i n e d ,  
$., R(TA e) /-) d t  (21) -C * = 2.268 DT 
Equat ion  ( 2 1 ) ,  a f t e r  i n t e g r a t i n g  b o t h  s i d e s  between t h e  l i m i t s  
o f  t h e  o r i g i n a l  s u p e r p r e s s u r e ,  APo a t  t i m e  t = 0 t o  a decay  
l i m i t  of 1 mb a t  t i m e  t r e s u l t s  i n  t h e  fo l lowing  r e l a t i o n ;  
The product  C t  e q u a l s  a c o n s t a n t  f o r  any g iven  s e t  o f  atmos- 
p h e r i c  and b a l l o o n  parameters .  To  r e l a t e  t h e  Venus b a l l o o n  t o  
t h e  known expe r i ence  o f  t h e  Ear th- launched  GHOST b a l l o o n s ,  t h e  
p roduc t  C t  can be eva lua ted  f o r  t h e  same c o n d i t i o n s  t h e  e m p i r i -  
c a l  l i f e  expec tancy  r e l a t i o n s h i p  e q u a t i o n  (12) was developed ,  
where , 
PA = 300 mb DO = 30 mb D = 6.63 f t  T = 223.6'K A 
e = o o  % = 4.032 T = 1.5 m i l s  
For  t h i s  se t  o f  c o n d i t i o n s ,  
C t E  = 0.030915 (23) 
I f  t h e  b a l l o o n  f i l m  i n  t h e  Venus b a l l o o n  i s  manufactured,  
handled ,  and deployed i n  a s i m i l a r  manner t o  t h a t  used i n  t h e  
GHOST program, t h e  random v a r i a b l e  C i n  e q u a t i o n  (23) had t h e  
same d i s t r i b u t i o n  i t  w i l l  have a p p l i e d  i n  e q u a t i o n  (22) f o r  Venus 
usage .  T h e r e f o r e ,  s u b s t i t u t i n g  e q u a t i o n  (23) i n t o  e q u a t i o n  (22)  
E ’  and s o l v i n g  f o r  t 
0.030915 t J R  ( T ~  + e ) / %  
n, 2 .268  
Y L  t -  
The e q u i v a l e n t  e a r t h  t i m e  r e q u i r e d  f o r  t h e  c a l c u l a t i o n  o f  t h e  
r e l i a b i l i t y  o r  s u r v i v a l  p r o b a b i l i t y  i n  e q u a t i o n  (12)  i s  found by 
means of  e q u a t i o n  (24) a s  a f u n c t i o n  o f  t h e  d e s i r e d  Venus o p e r a t -  
i n g  t ime and t h e  a p p r o p r i a t e  a tmospher ic  and Venus b a l l o o n  param- 
e t e r s .  
F i g u r e  111 p l o t s  t h e  s u r v i v a l  p r o b a b i l i t y  o f  two b a l l o o n  i n -  
f l a t i o n  g a s e s  - -  hydrogen and hel ium - -  a s  a f u n c t i o n  of  t h e  t o t a l  
BVS weight  r e q u i r e d  t o  s u p p o r t  a 175- lb  gondola f o r  two mis s ion  
t imes o f  1 and 7 days .  The dashed p o r t i o n  of  t h e  c u r v e s  r e p r e s e n t  
e x p e n d i t u r e s  o f  so l i t t l e  weight  f o r  t h e  b a l l o o n  f i l m  t h a t  t h e  
s t r e s s  exceeds  t h e  s p e c i f i e d  3600 p s i .  It i s  a p p a r e n t ,  from f i g -  
u r e  111, t h a t  hydrogen a s  an  i n f l a t i o n  g a s  i s  c l e a r l y  s u p e r i o r  t o  
he l ium,  even when t h e  r e l i a b i l i t y  e f f e c t s  o f  i nc reased  f i l m  s t r e s s  
a r e  i g n o r e d .  It i s  imposs ib l e  t o  a s s e s s  t h e  impor tance  o f  t h i s  
reduced stress u n t i l  m a t e r i a l  t e s t i n g  p r o v i d e s  some i n d i c a t i o n  
o r  t h e  v a r i a n c e  o f  t h e  t e n s i l e  s t r e n g t h  o f  Mylar a f t e r  s t e r i l i z a -  
t i o n  and a t  v a r i o u s  t e m p e r a t u r e s .  A s  an i n d i c a t i o n  o f  t h i s  e f f e c t ,  
t h e  s t ress  developed i n  a 420- lb  BVS w i t h  hydrogen i s  1850 p s i  
w h i l e  a he l ium b a l l o o n  f o r  t h e  same weight  s t a t i o n  i s  3300 p s i .  
Because t h e  y i e l d  s t ress  o f  Mylar a f t e r  s t e r i l i z a t i o n  i s  i n  e x c e s s  
o f  12 000 p s i ,  t h e  r e l i a b i l i t y  d i f f e r e n c e  i n  t h e s e  two l e v e l s  w i l l  
p robab ly  be  n e g l i g i b l e .  
Bal loon  m a t e r i a l s  and f a b r i c a t i o n . -  The r equ i r emen t s  f o r  t h e  
b a l l o o n  m a t e r i a l s  and f a b r i c a t i o n  t e c h n i q u e s  imposed by t h e  BVS 
d e s i g n  c r i t e r i a  l e d  t o  a broad rev iew o f  t h e  s t a t e  o f  t h e  a r t  i n  
b a l l o o n  t echno logy .  Most b a l l o o n  e x p e r i e n c e  h a s  been gained w i t h  
t h e  l a r g e  z e r o - p r e s s u r e  s t r a t o s p h e r i c  b a l l o o n  sys tems.  R e c e n t l y ,  
however,  an  e x t e n s i v e  program has  been under taken  by t h e  N a t i o n a l  
Cen te r  f o r  Atmospheric  Resea rch  (NCAR). T h i s  program, GHOST 
( g l o b a l  h o r i z o n t a l  sounding t e c h n i q u e ) ,  u s e s  f r e e - f l o a t i n g  s u p e r -  
p r e s s u r e  b a l l o o n .  I n  1966 and 1967, 100 b a l l o o n s  were launched 
and c o n s i d e r a b l e  s u c c e s s  was e x p e r i e n c e d ,  Average l i f e t i m e  a t  
200 mb a l t i t u d e  was t h r e e  months w i t h  one b a l l o o n  s t a y i n g  a f l o a t  
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Figure 111.- Reliability Comparison, Hydrogen vs Helium Inflation Gas 
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T h e r e f o r e ,  t h e r e  i s  c o n s i d e r a b l e  ev idence  t h a t  a s u p e r p r e s s u r e  
b a l l o o n  could be  c o n s t r u c t e d  and flown on t h e  BVS miss ion  w i t h  a 
h i g h  d e g r e e  o f  mis s ion  p r o b a b i l i t y  o f  s u c c e s s .  
Raven I n d u s t r i e s ,  I n c . ,  made a m a t e r i a l s  survey  and e v a l u a t e d  
m a t e r i a l s  a g a i n s t  t h e  b a l l o o n  r e q u i r e m e n t s .  The s e l e c t i o n  o f  a l l  
m a t e r i a l s  used i n  t h e  b a l l o o n  assembly was based on t h e  fo l lowing  
f a c t o r s :  
1) S t r e n g t h  t o  weight  r a t i o ;  
2) P e r m e a b i l i t y  c h a r a c t e r i s t i c s ;  
3 )  R e s i s t a n c e  t o  s t e r i l i z a t i o n ;  
4 )  Handling c h a r a c t e r i s t i c s  and d u r a b i l i t y ;  
5) S e a l i n g  and assembly c h a r a c t e r i s t i c s .  
The e v a l u a t i o n  o f  c a n d i d a t e  m a t e r i a l s  used i n p u t s  d e r i v e d  i n  
a Raven I n d u s t r i e s ,  I n c . ,  s u p e r p r e s s u r e  b a l l o o n  packaging t e c h -  
n i q u e  s t u d y  funded by NCAR under  C o n t r a c t  63-68. 
The m a t e r i a l  s e l e c t e d  i s  a s p e c i a l i z e d  assembly o f  p o l y e s t e r  
f i l m  l a y e r s .  T h i s  m a t e r i a l  i s  composed of  a t r i l a m i n a t i o n  o f  
314-mil f i l m ,  112 m i l  a d h e s i v e ,  314 m i l  f i l m .  T h i s  composi te  has  
t h e  s t r e n g t h  c h a r a c t e r i s t i c s  o f  1 112-mil p o l y e s t e r  f i l m  w i t h  a 
u n i t  weight  comparable t o  2 - m i l  p o l y e s t e r  f i l m ,  t h a t  i s ,  0.0149 
l b / s q  f t .  
u n i t  w e i g h t ,  added r e s i s t a n c e  t o  s t e r i l i z a t i o n  w i l l  be  r e a l i z e d  
w i t h  a t h i c k  adhes ive  l a y e r  acco rd ing  t o  t h e  Arvey C o r p o r a t i o n .  
The d e s i r a b i l i t y  o f  t h i s  r e s i s t a n c e  i s  appa ren t  i n  view o f  s t e r i l i -  
z a t i o n  t e s t s  conducted by t h e  Mar t in  M a r i e t t a  Corpora t ion  on a 
3 14x3 /4-mil b i l a m i n a t i o n  of  p o l y e s t e r  f i l m .  
Although t h e  a d h e s i v e  l a y e r  adds s i g n i f i c a n t l y  t o  t h e  
Resea rch  be ing  conducted under NCAR C o n t r a c t  63-68 h a s  deter-  
mined some t echn iques  o f  minimizing f i l m  damage d u r i n g  f a b r i c a t i o n ,  
s h i p p i n g ,  and packing.  The most promis ing  o f  t h e  t echn iques  ana -  
lyzed  t o  d a t e  i s  a l a y e r  o f  1 / 8 - i n .  t h i c k ,  s t r i p p a b l e ,  po lyu re -  
t h a n e  foam. 
The foam i s  banded t o  t h e  f i l m  s u r f a c e  w i t h  a l a t e x  a d h e s i v e  
t h a t  remains s o f t  and i s  e a s i l y  s t r i p p e d  o f f .  Use o f  such a mate- 
r i a l  p rov ides  a cushion  f o r  t h e  f i l m  d u r i n g  t h o s e  phases  o f  t h e  
f a b r i c a t i o n  p r o c e s s  d u r i n g  which t h e  m a t e r i a l  may be s u b j e c t e d  t o  
motion a c r o s s  a b r a s i v e  s u r f a c e s .  During f a b r i c a t i o n ,  enough o f  
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t h e  g o r e  edge may be exposed f o r  s e a l i n g .  The c o a t i n g  may remain 
on t h e  b a l l o o n  u n t i l  t h e  a c t u a l  packing  o p e r a t i o n  i s  i n i t i a t e d .  
A t  t h i s  t i m e ,  t h e  c o a t i n g  can  b e  s t r i p p e d  o f f  a s  t h e  b a l l o o n  i s  
f o l d e d ,  l e a v i n g  t h o s e  s u r f a c e s  i n  c o n t a c t  w i t h  o t h e r  s u r f a c e s  
coa ted  u n t i l  t h e  b a l l o o n  i s  i n s e r t e d  i n  t h e  c o n t a i n e r .  
The most s e r i o u s  problem i n  t h e  g e n e r a t i o n  of  p i n h o l e  l e a k s  
d u r i n g  h a n d l i n g  and packing a b a l l o o n  i s  t h e  t h r e e - c o r n e r e d  f o l d  
o r  c r e a s e .  Any a b r a s i o n  on t h e  p o i n t  o f  such  a c r e a s e  w i l l  r e s u l t  
i n  a p i n h o l e  fo rma t ion .  It i s  n o t  p o s s i b l e  t o  avoid  t h e  fo rma t ion  
of  t h i s  t ype  o f  f o l d  i n  packing t h e  b a l l o o n  i n t o  t h e  c o n f i g u r a t i o n  
r e q u i r e d .  T h e r e f o r e ,  p r e p a r a t i o n  o f  t h e  c o n t a i n e r  t o  minimize 
p o t e n t i a l  a b r a s i o n  must be  accompl ished .  
To dep loy  t h e  b a l l o o n  i n  t h e  most o r d e r l y  f a s h i o n ,  t h e  b a s i c  
f o l d i n g  t echn ique  must r e s u l t  i n  an acco rd ian - fo lded  sys tem capa-  
b l e  o f  be ing  deployed by u n f o l d i n g  from t h e  t o p .  The pack w i l l  
be fo lded  i n  t h e  fo l lowing  manner: 
1 )  Fold b a l l o o n  l e n g t h w i s e  gore-on-gore t o  form a sys tem 
one g o r e  w i d e ;  
2)  Fold one edge ove r  t h e  upper s u r f a c e  o f  t h e  gore-on-  
go re  f o l d ,  and f o l d  one edge under t h e  lower s u r f a c e  
t o  form an S-shaped c r o s s  s e c t i o n .  The w i d t h  o f  t h e  
b a l l o o n  w i l l  be compat ib le  w i t h  t h e  c o n t a i n e r  d i ame te r  
a t  t h i s  p o i n t ;  
3)  Accordian- fo ld  t h e  b a l l o o n  i n t o  t h e  c o n t a i n e r .  To 
minimize a b r a s i o n ,  s p e c i a l  t e c h n i q u e s  such a s  lower ing  
t h e  fo lded  b a l l o o n  v e r t i c a l l y  i n t o  t h e  c o n t a i n e r  may 
b e  r e q u i r e d .  
Completion of  t h e  e v a l u a t i o n  of  b a l l o o n  packaging under t h e  
p r e v i o u s l y  r e f e r e n c e d  c o n t r a c t  w i l l  more f u l l y  d e f i n e  p o t e n t i a l  
p i n h o l e  p r e v e n t i o n  t e c h n i q u e s .  Although t h e  g e n e r a l  p i n h o l e  
s e n s i t i v i t y  of  m a t e r i a l s  has  been s t u d i e d ,  no s i g n i f i c a n t  work 
has  been accomplished i n  t h e  d e t e r m i n a t i o n  o f  t h e  e f f e c t  o f  a dy- 
namic deployment on t h i s  f a c t o r .  
A su rvey  o f  p o t e n t i a l  b a l l o o n  m a t e r i a l s  ( r e f .  13) h a s  r e v e a l e d  
t h a t  t h e  cho ice  o f  m a t e r i a l s  i s  l i m i t e d .  Because o f  i t s  g e n e r a l l y  
f a v o r a b l e  p r o p e r t i e s  and t h e  accumula t ion  o f  f l i g h t  e x p e r i e n c e ,  
Mylar p o l y e s t e r  f i l m  ( p o l y e t h y l e n e  t e r e p h t h a l a t e )  i s  a l o g i c a l  
s t a r t i n g  p o i n t  i n  a m a t e r i a l s  i n v e s t i g a t i o n  ( r e f .  1 4 ) .  
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The t e n s i l e  s t r e s s - s t r a i n  cu rve  f o r  Mylar ( f i g .  112) d i s p l a y s  
a y i e l d  p o i n t  a t  app rox ima te ly  13 000 p s i  (room t empera tu re )  and 
7% e l o n g a t i o n .  T h e r e a f t e r ,  t h e  f i l m  c o n t i n u e s  t o  deform w i t h  
u l t i m a t e  f a i l u r e  o c c u r r i n g  a t  an e l o n g a t i o n  o f  125% and a s t r e s s  
o f  2 3  000 p s i .  The second-o rde r  t r a n s i t i o n  t e m p e r a t u r e  .of Mylar 
i s  r e p o r t e d  t o  be  80°C. The e f f e c t s  of  t e m p e r a t u r e  on p h y s i c a l  
and mechanical p r o p e r t i e s  i s  r e l a t i v e l y  sma l l  between -20 and 8OoC, 
and no e m b r i t t l e m e n t  o c c u r s  a t  t empera tu res  a s  low a s  -60°C. Above 
8 O o C ,  more marked changes i n  t e n s i l e  p r o p e r t i e s  a r e  noted ( f i g .  
1 1 3 ) ,  a l t h o u g h  Mylar r e t a i n s  u s e f u l  p r o p e r t i e s  up t o  150 t o  1 7 5 ° C .  
Mylar w i l l  s h r i n k  when exposed t o  e l e v a t e d  t e m p e r a t u r e .  A t  
1 5 0 ° C  i n  a i r ,  t h i s  s h r i n k a g e  amounts t o  approx ima te ly  2%. P rac -  
t i c a l l y  a l l  o f  t h i s  change o c c u r s  d u r i n g  t h e  f i r s t  10 minutes  o f  
exposure  t o  e l e v a t e d  t e m p e r a t u r e  and the  f i l m ,  once shrunken,  re-  
t a i n s  dimensional  s t a b i l i t y  d u r i n g  prolonged exposure  a t  o r  below 
t h e  p a r t i c u l a r  t e m p e r a t u r e .  T h i s  s u g g e s t s  t h a t  Mylar f i l m  used 
i n  b a l l o o n s  s u b j e c t e d  t o  s t e r i l i z a t i o n  must b e  p re sh runk  b e f o r e  
l a m i n a t i n g  and f a b r i c a t i o n .  
A l so  of concern a r e  t h e  p o s s i b l e  changes i n  c r y s t a l l i n i t y  o r  
c r o s s l i n k i n g  d e n s i t y  o f  Mylar d'uring prolonged exposure t o  e l e -  
v a t e d  t e m p e r a t u r e  ( s t e r i l i z a t i o n )  , w i t h  t h e  r e s u l t i n g  changes i n  
mechanical p r o p e r t i e s  and p e r m e a b i l i t y .  Data r e p o r t e d  by DuPont 
( f i g s .  114 and 115) on the e f f e c t s  o f  h e a t - a g i n g  Mylar show t h a t  
a n  exposure  o f  100 h r  a t  150°C i n  a i r  c a u s e s  t h e  t a b u l a t e d  changes 
a s  shown below i n  room t e m p e r a t u r e  p r o p e r t i e s .  
P r o p e r t y  B e f o r e  exposure A f t e r  exposure  
T e n s i l e  s t r e n g t h ,  p s i  23  000 22 000 
T e a r  s t r e n g t h ,  g /mi l  23 12 
T e n s i l e  modulus, p s i  530 000 510 000 
E l o n g a t i o n ,  % 1 2  7 113 
Thus,  w h i l e  t e n s i l e  s t r e n g t h ,  modulus, and e l o n g a t i o n  a r e  v i r t u a l l y  
unchanged, p r o p a g a t i n g  t e a r  s t r e n g t h  a p p e a r s  t o  be  s i g n i f i c a n t l y  
a f f e c t e d .  
Kapton polyimide f i l m  h a s  p r o p e r t i e s  v e r y  s i m i l a r  t o  t h o s e  of  
Mylar ( f i g .  116) excep t  t h a t  i t s  thermal  s t a b i l i t y  i s  s i g n i f i c a n t -  
l y  h i g h e r .  Thus,  i f  Mylar i s  found t o  b e  s e r i o u s l y  degraded a s  a 
r e s u l t  o f  s t e r i l i z a t i o n ,  Kapton becomes t h e  n e x t  l o g i c a l  c h o i c e  
o f  b a l l o o n  m a t e r i a l .  Kapton s h r i n k a g e  i s  o n l y  0.3% a t  250°C. 
This s h r i n k a g e  i s  caused by r e s i d u a l  s t r e s s e s  placed i n  t h e  f i l m  
d u r i n g  manufacture .  The i n i t i a l  t empera tu re  exposure r e l i e v e s  
t h e  r e s i d u a l  s t r e s s e s  and no f u r t h e r  s h r i n k a g e  w i l l  o ccu r  t h e r e -  
a f t e r .  Aging f o r  up t o  1000 hr a t  300°C i n  he l ium h a s  no e f f e c t  
on t h e  t e n s i l e  s t r e n g t h  o r  e l o n g a t i o n  of  Kapton f i l m  ( ' f i g s .  1 1 7  
and 1 1 8 ) .  
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E l o n g a t i o n ,  % 
F i g u r e  1 1 2 , -  S t r e s s / S t r a i n  Curve f o r  Mylar 
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F i g u r e  113.- T e n s i l e  S t r e n g t h  v s  Temperature f o r  Mylar 
311 
.rl 30 000 
- 2 5  000 
co 
a 
5 2 2 0  000 
f i  
v 
w E 15 000 
co s 300 
Q) 10 000 










Time, h r  a t  150°C 
F i g u r e  114.- T e n s i l e  S t r e n g t h  of Mylar 2 ,50 
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F i g u r e  115.-  T e n s i l e  E l o n g a t i o n  o f  Mylar 
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F i g u r e  118.- U l t i m a t e  E l o n g a t i o n  vs  Aging a t  3OO0C 
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With t h e  e x c e p t i o n  o f  b e t t e r  thermal  s t a b i l i t y ,  Kapton o f f e r s  
no p a r t i c u l a r  advantage ove r  Mylar ,  a s  shown by t h e  comparison o f  
room t empera tu re  p r o p e r t i e s  i n  t a b l e  85. I n  f a c t ,  on t h e  b a s i s  
o f  i t s  g r e a t e r  e l o n g a t i o n ,  f o l d i n g  endurance ,  and t e a r  s t r e n g t h  
and i t s  lower p e r m e a b i l i t y  t o  hydrogen,  Mylar i s  t h e  p r e f e r r e d  
f i l m  m a t e r i a l .  
TABLE 85. - COMPARISON OF ROOM TEMPERATURE PROPERTIES OF 
MYLAR AND KAPTON 
P r o p e r t y  I 
~~ ~ 
Ul t ima te  t e n s i l e  s t r e n g t h ,  p s i  
Yie ld  p o i n t ,  p s i  
Ul t ima te  e l o n g a t i o n ,  % 
S t r e s s  t o  produce 5% e l o n g a t i o n ,  p s i  
T e n s i l e  modulus,  p s i  
Impact s t r e n g t h ,  kg-cm/mil 
Fo ld ing  endurance,  c y c l e s  
Tear  s t r e n g t h ,  p ropaga t ing ,  g / m i l  
Tear  s t r e n g t h ,  i n i t i a l ,  g /mi l  
Dens i ty ,  g/cm’ 
Mois tu re  up take  a t  50% RH, % 
H 2  permeab i 1 i t y  , cm’/ cm2 - sec  - 
cmHg / m i  1 
Mylar 
23 000 






















1 . 3  
0.590 x l o - ‘  
E f f e c t  o f  i n f l a t i o n  t a n k  f a b r i c a t i o n  on gondola  w e i g h t . -  The 
gondola  weight  s u p p o r t a b l e  w i t h  a g iven  o v e r a l l  sys tem weight  i s  
a s t r o n g  f u n c t i o n  o f  t h e  weight  of  t h e  i n f l a t i o n  g a s  t a n k s .  The 
weight  of  t h e  d i s p l a c e d  atmosphere can b e  equated t o  t h e  d i f f e r -  
ence  between t h e  t o t a l  system weight  and t h e  weight  d i s c a r d e d ,  
which i s  p r i m a r i l y  t h e  t a n k  we igh t .  T h i s  d i f f e r e n c e  i s  a l s o  equal  
t o  t h e  weight  l o f t e d  by t h e  b a l l o o n ,  
3 14 
- - 
'B PA - ' t o t a l  - 'discarded ' lof ted 
where 
VB = b a l l o o n  volume, 
= d e n s i t y  o f  a tmosphere (0.06588 l b / f t 3  a t  6108 km). 
It i s  conven ien t  t o  e x p r e s s  t h e  t ank  weight  i n  terms o f  t a n k  
weight  p e r  pound o r  hydrogen,  which i s  approximate ly  a c o n s t a n t  
even though t h e  t anks  a r e  n o t  s p h e r i c a l .  Using a t o t a l  sys tem 
weight  o f  400 l b ,  suppor t  equipment weight  d i sca rded  o f  58 .5  l b  
and a 10% excess  gas  a l lowance ,  e q u a t i o n  (25) i s  r e w r i t t e n  
VB pA = 341.5  - g a s  d i s c a r d e d  - t a n k s  d i s c a r d e d  
= 341 .5  - 0.1 VB pG - 1.1 K VB pG 
i s  d e n s i t y  o f  t h e  i n f l a t i o n  g a s ,  which i s  0.003004 l b /  
. ' G  
where 
f t3 a t  b a s e l i n e  c o n d i t i o n s .  
Equa t ion  (26) can b e  r ea r r anged  t o  p rov ide  an e x p r e s s i o n  f o r  
t h e  r e q u i r e d  b a l l o o n  volume a s  a f u n c t i o n  o f  t h e  t a n k  weight  t o  
g a s  weight  r a t i o ,  K ,  
341 .5  
B 0 .06618 4- 0.003304 K v =  
For  a g i v e n  b a l l o o n  f i l m  s t ress  l e v e l ,  b a l l o o n  f i l m  d e n s i t y ,  
and s u p e r p r e s s u r e  t h e  b a l l o o n  f i l m  weight  p e r  cub ic  r o o t  o f  volume 
i s  a c o n s t a n t ,  PB , 
= 0.004806 l b / f t '  (28) .. PB 
Re tu rn ing  t o  e q u a t i o n  ( 2 7 ) ,  t h e  a tmospher ic  weight  d i s p l a c e d  
must equa l  t h e  weight  l o f t e d  and can b e  broken down a s  fo l lows :  
'B 'A = 'gondola 'balloon + 'gas -I- 'balloon f i t t i n g s  
- + VB pG + 1 . 7 5  
'gondola + 'B 'B 
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Solv ing  f o r  t h e  gondola  we igh t ,  
'gondola = VB - 1 . 7 5  
S u b s t i t u t i n g  e q u a t i o n  (27) f o r  b a l l o o n  volume, 
- 1 . 7 5  - 341.5 (0.05807 - 'gondola 0.06618 + 0.00330; K 
- 1 . 7 5  - 19.83 - 0.06618 + 0.003304 K 
F i g u r e  1 1 9  p l o t s  t h e  gondola  weight  t h a t  can b e  suppor ted  a s  
a f u n c t i o n  o f  t h e  t a n k  weight  t o  g a s  weight  r a t i o  K. The fo l low-  
i n g  c o n d i t i o n s  a r e  a p p l i c a b l e :  
T o t a l  system weight  . . . . . . . . . . .  400 l b  
Skin  t h i c k n e s s  ( t o t a l )  . . . .  . . . .  1 .75  m i l s  
Ba l loon  f i l m  d e n s i t y  
Bal loon  f i t t i n g s  we igh t  . . . . . . . . .  1 . 7 5  l b  
Bal loon  s t ress  ( c a r r i e d  by 1.3 mi l s )  . . 3600 l b / i n . 2  
Support  equipment d i s c a r d e d  ( p a r a c h u t e  
t a n k  suppor t  t r u s s  and i n f l a t i o n  con- 
t r o l s )  . . . . . . . . . . . . . . . . .  58 .5  l b  
Bal loon  s u p e r p r e s s u r e  . . . . . . . . . .  6 mb 
Bal loon  supe r t empera tu re  . . . . . . . .  31°F 
Atmospheric  d e n s i t y  . . . . . . . . . . .  0.06588 l b / f t 3  
. . . . . . . . . .  98.3 l b / f t 3  
I n d i c a t e d  i n  f i g u r e  119 a r e  t h r e e  v a l v e s  f o r  K cor respond-  
i n g  t o  t h r e e  t y p e s  o f  t a n k  f a b r i c a t i o n :  
K - F a b r i c a t i o n  type  
G l a s s  wrap w i t h  aluminum l i n e r  14 l b / l b  
T i t an ium w i t h  proper  l i n e r  19 .46  l b / l b  
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F i g u r e  119.-  Gondola Weight a s  a Func t ion  o f  Tank Weight t o  
Gas Weight R a t i o  
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CAPSULE PROPULSION 
Summary.- The c a p s u l e  p r o p u l s i o n  r equ i r emen t s  f o r  t h e  o r b i t a l ,  
f l y b y ,  and Venus/Mercury swingby m i s s i o n s  a l l o w  t h e  use of s p a c e -  
proved e n g i n e s  and components. The m i s s i o n  r equ i r emen t s  d i f f e r  
o n l y  i n  magnitude of  impulse and t h e  d e s i r e  f o r  a v a r i a b l e  impulse 
f o r  t h e  d e o r b i t  mode. A summary of t h e  p r o p u l s i o n  r e q u i r e m e n t s  are 
shown i n  Tab le  8 6 .  
Deorb i t  p r o p u l s i o n  subsys t em. -  The p r o p u l s i o n  subsystem shown 
i n  f i g u r e  120 i s  a p r e s s u r e - f e d  b i p r o p e l l a n t  system u s i n g  a s i n g l e  
Lunar O r b i t e r  eng ine  t o  p r o v i d e  t h e  r e q u i r e d  d e o r b i t  t h r u s t .  The 
system i s  des igned  t o  p r o v i d e  a v e l o c i t y  increment  from 100 t o  250 
m/sec t o  a n  840-lb c a p s u l e .  
50-50 UDMHIhydrazine . 
The p r o p e l l a n t s  used are N204 and 
The subsystem i s  p r e s s u r i z e d  u s i n g  r e g u l a t e d  gaseous n i t r o g e n .  
Squ ib -ope ra t ed  v a l v e s  i s o l a t e  t h e  p r e s s u r a n t  and p r o p e l l a n t s  b e f o r e  
system a c t i v a t i o n .  Engine i g n i t i o n  and shutdown a r e  c o n t r o l l e d  by 
s o l e n o i d - a c t u a t e d  v a l v e s  mounted on t h e  e n g i n e .  On comple t ion  of 
t h e  burn,  t h e  o x i d i z e r  and f u e l  u l l a g e  volumes are  i s o l a t e d  by 
s q u i b - a c t u a t e d  v a l v e s ,  The o v e r a l l  p r o p u l s i o n  system c h a r a c t e r i s -  
t i c s  a r e  shown i n  t a b l e  87, t h e  system weight  s t a t e m e n t  i s  shown 
i n  t a b l e  88. 
T h r u s t  v e c t o r  c o n t r o l  i s  accomplished by s p i n  s t a b T l i z a t i o n  of 
t h e  c a p s u l e .  Two o x i d i z e r ,  two f u e l ,  and two p r e s s u r a n t  t a n k s  are  
l o c a t e d  symmet r i ca l ly  abou t  t h e  c a p s u l e  s p i n  a x i s ,  
TABLE 8 6 .  - CAPSULE PROPULSION REQUIREMENTS 
Requirement 
V e l o c i t y  inc remen t ,  m/sec 
Capsule  w e i g h t ,  l b  
T o t a l  impu l se ,  l b  - s e c  f 
F i x e d l v a r i a b l e  impulse,  m/sec 
Use developed eng ine ,  
t h r u s t ,  
S t e r i l i z a b l e  
S p i n  d u r i n g  t h r u s t i n g ,  r a d l s e c  
T h r u s t  mi sa l ignmen t  
Ibf 




V a r i a b l e ,  100 
t o  250 
Lunar O r b i t e r  
100 
Y e  S 
2 . 2  r a d / s e c  
.5" a l o n g  t h r u s t  
axes  
Flyby m i s s i o n  
50 1 0 . 5  
960 
4 980 
F i x e d  
Mariner  '69 
50 
Yes 
2 . 2  rad/sec 
.5" a l o n g  
t h r u s t  axes 
Venus-Mercury 
m i s s i o n  








. 5 "  a l o n g  
t h r u s t  a x e s .  
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F i l t e r  + 
Disconnect  
F i g u r e  120.- D e o r b i t  P r o p u l s i o n  Subsystem 
3 1 9  
TABLE 8 7 . -  DEORBIT PROPULSION SUBSYSTEM CHARACTERISTICS 
Engine t h r u s t ,  l b  . . . . . . . . . . . . . . . .  100 
Chamber p r e s s u r e ,  p s i a  . . . . . . . . . . . . .  100 
S p e c i f i c  impulse ( d e l i v e r e d ) ,  s e c  . . . . . . . . .  295 
Area r a t i o  . . . . . . . . . . . . . . . . . . .  5 0 : l  
Mixture  r a t i o  (O/F) . . . . . . . . . . . . . . .  1 . 6 : 1  
Maximum burn  t i m e ,  s e c  . . . . . . . . . . . . .  237 
F u e l  t a n k  d i a m e t e r ,  i n .  . . . . . . . . . . . . .  1 0 . 3  
O x i d i z e r  t a n k  volume, cu  f t  . . . . . . . . . . .  0 . 3 7  
O x i d i z e r  t a n k  d i a m e t e r ,  i n .  . . . . . . . . . . .  1 0 . 8  
P r e s s u r a n t  t ank  volume, cu f t  . . . . . . . . . .  0 . 0 4  
P r e s s u r a n t  t a n k  d i a m e t e r ,  i n .  . . . . . . . . . .  5 . 3  
Opera t ing  t empera tu re  r ange ,  OF . . . . . . . . .  40 - 
Tank p r e s s u r e ,  p s i a  . . . . . . . . . . . . . . .  200 
F u e l  t a n k  volume, c u  f t  . . . . . . . . . . . . .  0.33 
80 
I n i t i a l  p r e s s u r a n t  t a n k  p r e s s u r e ,  ps ia  . . , . . 3600 
TABLE 8 8 . -  DEORBIT PROPULSION SYSTEM WEIGHT STATEMENT 
~ 
I t e m  Weight, l b  
T o t a l  p r o p e l l a n t  
Usable  f u e l  
Usable  o x i d i z e r  
T o t a l  u s a b l e  
T o t a l  t r a p p e d  
F u e l  t a n k s  (2)  
O x i d i z e r  t a n k s  ( 2 )  
P r e s s u r a n t  
P r e s s u r a n t  t a n k s  (2 )  
Engine 
Components and l i n e s  
Engine mounts, s u p p o r t s  
T o t a l  wet system weight  
T o t a l  d ry  system we igh t  
( i n c l u d i n g  nonusable  p r o p e l l a n t  
and gas )  
8 4 . 4 1  
3 0 . 9 2  
4 9 . 4 9  
80 .40  
4 . 0 1  
2 . 8 4  
4 . 4 5  
1 . 6 7  
2 . 1 8  
5 . 5 0  
1 6 . 8 0  
1 3 . 5 6  
1 3 1 . 4 4  
5 1 . 0 4  
7 2 0  
To v e r i f y  t h e  s e l e c t i o n  of t h e  Lunar O r b i t e r  eng ine  f o r  t h e  
d e o r b i t  p r o p u l s i o n  system, a n  a n a l y s i s  was performed t o  compare 
t h e  p r e f e r r e d  d e s i g n  w i t h  s o l i d  motors and t h e  Mar ine r  '69 eng ine  
system. 
F i g u r e  1 2 1  p r e s e n t s  p r o p u l s i o n  system weight  d a t a  as a func -  
t i o n  of t o t a l  i m p u l s e ,  Th i s  a n a l y s i s  i n d i c a t e s  t h a t  we igh t  can 
be saved by u s i n g  a s o l i d  motor f o r  d e o r b i t .  T h i s  we igh t  advan- 
t a g e  i s  o f f s e t  by comparing t h e  development r i s k  of  t h e  t h r e e  s y s -  
tems. The Lunar O r b i t e r  eng ine  h a s  been f i r e d  i n  space  on f i v e  
f l i g h t s  and h a s  demons t r a t ed  a h i g h  r e l i a b i l i t y .  The eng ine ,  i n -  
c l u d i n g  v a l v e s ,  was s t e r i l i z e d  by Mar t in  M a r i e t t a  c o r p o r a t i o n  
under JPL C o n t r a c t  951709, and no d e l e t e r i o u s  e f f e c t s  were i n -  
c u r r e d  as a r e s u l t  of s t e r i l i z a t i o n .  
The Mariner  '69 e n g i n e  w i l l  have flown i n  space  b e f o r e  t h e  BVS 
l a u n c h .  S t e r i l i z a t i o n  of t h i s  eng ine  does no t  r e p r e s e n t  a d e v e l -  
opment problem i n  t h a t  t h e  eng ine  does n o t  have v a l v e s .  However, 
t h i s  system was e l i m i n a t e d  from c o n s i d e r a t i o n  due t o  i t s  g r e a t e r  
w e i g h t ,  as shown i n  f i g u r e  1 2 1 .  
The s o l i d  motor r e p r e s e n t s  a development r i s k  i n  t h a t  t h e  e f -  
f e c t s  of s t e r i l i z a t i o n  on a n  e n t i r e  motor a r e  n o t  known. However, 
t h e  s o l i d  motor r e p r e s e n t s  a s t r o n g  a l t e r n a t i v e  f o r  t h e  d e o r b i t  
system due t o  i t s  we igh t  advantage and s i m p l i c i t y ,  
The major  development problem f o r  t h e  s o l i d  motors  i s  demon- 
s t r a t i o n  of s t e r i l i z a t i o n  c o m p a t i b i l i t y .  Small s amples  of pro-  
p e l l a n t  have s u c c e s s f u l l y  been s t e r i l i z e d ,  however, no f l i g h t  
motor  c o n f i g u r a t i o n s  have been s t e r i l i z e d ,  T h e r e f o r e ,  t h e  e f f e c t s  
of  s t e r i l i z a t i o n  on i g n i t e r  performance, c a s e  bonding, i n s u l a t i o n ,  
n o z z l e  d e s i g n ,  and o t h e r  c r i t i c a l  areas have no t  been de te rmined .  
A s o l i d  motor r e q u i r e s  p o s t s t e r i l i z a t i o n  checkout  i n  t h e  c r i t -  
i c a l  a r e a s  of i g n i t e r ,  p r o p e l l a n t  g r a i n ,  c a s e  bonding, and n o z z l e .  
E lec t r ica l  c o n t i n u i t y  checks can  be performed on t h e  i g n i t e r  t o  
e n s u r e  t h a t  i t  i s  f l i g h t - r e a d y  a f t e r  t h e  t e r m i n a l  s t e r i l i z a t i o n  
c y c l e .  Nondes t ruc t ive  t e s t  methods m u s t  be used t o  check t h e  re- 
maining c r i t i c a l  areas .  The p o t e n t i a l  c a n d i d a t e s  f o r  nondes t ruc -  
t i v e  t e s t i n g  of t h e  s o l i d  motors i n c l u d e  u l t r a s o n i c ,  microwave, 
and r a d i o g r a p h i c  a n a l y s i s .  Radiographic  a n a l y s i s  (X-ray) i s  t h e  
most e f f e c t i v e  and most common t e s t  t echn ique  f o r  s o l i d  moto r s .  
However, t he  r e l i a b i l i t y  of  p o s t s t e r i l i z a t i o n  X-ray i n s p e c t i o n  
i s  degraded by t h e  g e n e r a l  i n a c c e s s a b i l i t y  of t h e  system a f t e r  
s t e r i l i z a t i o n .  
3 2 1  
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It a p p e a r s  t h a t  s o l i d  r o c k e t  motor r e l i a b i l i t y  would be  de-  
graded by s t e r i l i z a t i o n .  Such t h i n g s  as end unbonding, g r a i n  
c r a c k i n g ,  p r o p e l l a n t / l i n e a r  s e p a r a t i o n ,  i n s u l a t i o n / w a l l  s e p a r a -  
t i o n ,  and n o z z l e  s e a l  l eakage  may be caused  o r  a g g r a v a t e d  by 
s t e r i l i z a t i o n  and are  d i f f i c u l t  t o  a d e q u a t e l y  check .  
D e f l e c t i o n  p r o p u l s i o n  subsys t em. -  The d e f l e c t i o n  p r o p u l s i o n  
system i s  r e q u i r e d  f o r  b o t h  t h e  1972 f l y b y  and t h e  Venus/Mercury 
f l y b y  m i s s i o n s ,  The d i f f e r e n c e  between t h e  two m i s s i o n s  i s  the 
magnitude of t h e  v e l o c i t y  v e c t o r  t o  be s u p p l i e d  t o  t h e  c a p s u l e .  
These v e l o c i t y  inc remen t s  are  50 and 93 mfsec,  r e s p e c t i v e l y .  
The p r o p u l s i o n  subsystem, f i g u r e  1 2 2 ,  i s  a monopropel lant  
h y d r a z i n e  system u s i n g  t h e  Mariner  '69 r o c k e t  eng ine  t o  p r o v i d e  
t h r u s t .  T h i s  e n g i n e  w a s  s e l e c t e d  f o r  t h e  d e f l e c t i o n  system be -  
c a u s e  of i t s  s t a t e  of development,  and a b i l i t y  t o  p r o v i d e  t h e  re-  
q u i r e d  v e l o c i t y  increment  of 50 m/sec t o  t h e  c a p s u l e  w i t h o u t  
changes .  P r e s s u r i z a t i o n  i s  accomplished by blowdown of gaseous  
n i t r o g e n  a t  a blowdown r a t i o  of 3:l. The o v e r a l l  system c h a r a c -  
t e r i s t i c s  a re  summarized i n  t a b l e  89 .  
Squ ib -ope ra t ed  v a l v e s  (wi th  redundant  s q u i b s )  i s o l a t e  t h e  
p r o p e l l a n t  and p r e s s u r a n t  b e f o r e  system a c t i v a t i o n .  On a c t i v a -  
t i o n ,  t h e  ordnance v a l v e s  open t h e  p re s su r -an t  and p r o p e l l a n t  l i n e s  
and s t a r t  t h e  blowdown c y c l e .  A s q u i b - o p e r a t e d  v a l v e  r e s e a l s  t h e  
p r o p e l l a n t  system a t  t h e  end of t h e  d e f l e c t i o n  maneuver t o  e n s u r e  
a p o s i t i v e ,  c o n t r o l l e d  shutdown of t h e  e n g i n e ,  , 
Table 90 p r e s e n t s  t h e  we igh t  s t a t e m e n t  f o r  t h e  d e f l e c t i o n  
p r o p u l s i o n  subsys t ems .  
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vent 
6 Manual valve 
-@- N.O. valve 
(D N.C. valve 
-E#- F i l t e r  
Pc = 188 Psis Mariner '69  
Engine 
F = 50 l b f  
E = 50:1 
WT = 2.7 l b  
Figure 122.- Capsule Deflection Propulsion Subsystem 
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TABLE 8 9 . -  CAPSULE DEFLECTION PROPULSION SUBSYSTEM CHARACTERISTICS 
Parameter  
Engine t h r u s t  ( i n i t i a l ) ,  l b f  . . , . . . . , . 
Engine t h r u s t  ( f i n a l )  , l b f . .  . , . . . . . . 
Maximum chamber p r e s s u r e ,  p s i a  . . . . . . . . 
Average d e l i v e r e d  s p e c i f i c  impulse,  s e c  . . . 
Nozzle expans ion  r a t i o  . . . . . . . , . . , , 
Engine w e i g h t ,  l b  . . . , , . . . . , . . , , 
Usable  f u e l  w e i g h t ,  l b  , . . , . . , . . , . . 
F u e l  con t ingency ,  l b  . . , , . . . . . . . . 
F u e l  t a n k  we igh t  ( 2 ) ,  l b  . , . . . . , , . . . 
Volume p e r  f u e l  t a n k ,  c u  i n ,  , , . . . , . . . 
F u e l  t a n k  o u t s i d e  d i a m e t e r ,  i n .  . . . . . . . 
P r e s s u r a n t  w e i g h t ,  GN2,  l b  . . . . . . . . . . 
P r e s s u r a n t  t a n k  weight  ( 2 ) ,  l b  . . . . . . . . 
P r e s s u r a n t  t a n k  volume, cu i n .  . . . . . . . . 
P r e s s u r a n t  t a n k  o u t s i d e  d i a m e t e r ,  i n .  . . . . 
Opera t ing  t e m p e r a t u r e  range,  min. /max. ,  OF , . 
S t o r a g e  t e m p e r a t u r e  r ange ,  min. /max. ,  OF , . . 
I n i t i a l  f u e l  t a n k  o p e r a t i n g  p r e s s u r e ,  p s i a  . . 
I n i t i a l  p r e s s u r a n t  t a n k  s t o r a g e  p r e s s u r e ,  
p s i a  . . . .  . . . . .  . . . . . . .  . . . .  
Miss ion  
Venus/Mercurg 
1972  f l y b y  I f l v b v  
50 t 2 . 5  
22 f 1.1 22 t 1 . 1  
188 
227 (230 max) 
5 0 : l  
2 . 7  
2 2 . 4  
0 . 6  
2 . 7  
355 
8 . 8  
0 . 4  
1 . 3  
1 8 9 . 5  
7 . 1  




227 (230  max) 
50 : 1 
2 . 7  
4 6 . 6  
2 . 3  
3 . 5  
760 
1 1 . 4  
0 . 8  
2 . 1  
450 
9 . 6  
40  / 80 
40/100 
300 
30 7 I 307 
TABLE 9 0 . -  CAPSULE DEFLECTION PROPULSION SUBSYSTEM WEIGHT STATEMENT 
Item 
F u e l ,  t o t a l  . . . . , . . 
F u e l  t a n k s  . , . . . , . 
P r e s s u r a n t  (GN2) . , . . 
P r e s s u r a n t  t a n k s  . . . . 
Rocket eng ine  . . . . , . 
Ordnance v a l v e s  , . . . . 
F i l t e r s  . . . . . . . . 
I n s t r u m e n t a t i o n  , . . . . 
F i l l  and d r a i n  
a s s e m b l i e s  , . , . . , 
Tank and eng ine  
s u p p o r t s  . . . . . . . 
Tubing . . . . . . , . . 
T o t a l  system we igh t  , . . 
Weight, l b  
Venus/Mercury 
f l y b y  
L972 f l y b y  
23 .O 
2 . 7  
0 . 4  
1 . 3  
2 . 7  
3 . 2  
. 8  
1 . 2  
3 . 3  
8 . 6  
2 .o 
4 9 . 2  
I 
4 8 . 9  
3 . 5  
0 . 8  
2 . 1  
2 . 7  
3 . 2  
.8 
1 . 2  
3 .O 
1 0 . 5  
2 . o  
7 8 . 7  
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T h r u s t  v e c t o r  c o n t r o l  i s  accomplished by s p i n  s t a b i l i z a t i o n  
of t h e  c a p s u l e .  Two f u e l  t a n k s  and two p r e s s u r a n t  t a n k s  are lo-  
c a t e d  s y m m e t r i c a l l y  about  t h e  c a p s u l e  s p i n  a x i s  f o r  b a l a n c e .  A f t e r  
complet ion of t h e  d e f l e c t i o n  maneuver, t h e  d e f l e c t i o n  p r o p u l s i o n  
system i s  s e p a r a t e d  from t h e  e n t r y  c a p s u l e  and e n t e r s  t h e  atmos- 
phere on a d i f f e r e n t  t r a j e c t o r y  from t h a t  of t h e  e n t r y  c a p s u l e .  
S o l i d  and b i p r o p e l l a n t  subsystems were c o n s i d e r e d  f o r  t h e  
d e f l e c t i o n  p r o p u l s i o n  sys t em.  However, . t h e  small t o t a l  i m p u l s e  
r equ i r emen t  and t h e  m i s s i o n  we igh t  margin al lowed s e l e c t i o n  of 
a monopropel lant  sys t em.  
The blowdown monopropel lant  h y d r a z i n e  d e f l e c t i o n  system h a s  
s i m p l i c i t y ,  an advanced s t a g e  of development,  and f l e x i b i l i t y .  
Blowdown p r e s s u r i z a t i o n  e l i m i n a t e s  t h e  r e g u l a t o r  and i t s  a s s o c i -  
a t e d  f a i l u r e  modes from t h e  s y s t e m ,  The Mariner  '69 eng ine  w i l l  
have f lown t o  Mars and w i l l  be t e s t e d  i n  f l i g h t  b e f o r e  t h e  Venus 
l a u n c h ,  T h e r e f o r e ,  t h e  s e l e c t e d  system w i l l  have a q u a l i f i e d  and 
f i r e d  eng ine  and w i l l  e l i m i n a t e  development r i s k .  
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THERMAL CONTROL 
Bal loon g a s  
The thermal  c o n t r o l  r e q u i r e m e n t s ,  excep t  t h o s e  a s s o c i a t e d  
w i t h  t h e  i n f l a t e d  b a l l o o n ,  a r e  p re sen ted  i n  t h i s  s e c t i o n  f o r  t h e  
o r b i t e r ,  f l y b y ,  and Venus/Mercury m i s s i o n s .  The r e q u i r e m e n t s  
a r e  d e f i n e d  by the t h r e e  b a s i c  phases  o f  each m i s s i o n ,  i . e . ,  c r u i s e ,  
c o a s t ,  and f l o a t i n g  i n  t h e  Venusian atmosphere.  
a 
50 t o  90 
Temperature  c o n t r o l  d u r i n g  the c r u i s e  phase can be  accomplished 
most s imply by c o a t i n g s  and e l e c t r i c a l  h e a t e r s .  
o f  3 8  W i s  s u p p l i e d  by t h e  s p a c e c r a f t  s o l a r  p a n e l s .  The c o a s t  
phase t empera tu res  can be c o n t r o l l e d  p a s s i v e l y  w i t h  the rma l  c o a t -  
i n g s .  
t h e  d e s i g n  f l o a t  a l t i t u d e  w i l l  r e s u l t  i n  r e a s o n a b l e  component 
t e m p e r a t u r e s  i n  t h e  gondo la .  
on  t h e  e x t e r i o r  o f  t h e  gondo la .  
A maximum power 
The expec ted  mild t e m p e r a t u r e s  of t h e  Venus atmosphere a t  
A s o l a r - r e f l e c t i n g  c o a t i n g  i s  used 
The fo l lowing  r e q u i r e m e n t s  and c o n s t r a i n t s  were cons ide red  
f o r  t h i s  s tudy :  
1) Temperature  l i m i t s  - Opera t ing  and nonopera t ing  t e m -  
p e r a t u r e s  a r e  g i v e n  i n  t h e  f o l l o w i n g  t a b u l a t i o n .  The 
most s i g n i f i c a n t  o p e r a t i n g  l i m i t  i s  t h e  b a t t e r y .  
Component :Operat ing L i m i t  , O F  
E l e c t r o n i c s  1 5  t o  140 
I B a t t e r y  I 50 t o  90 
Nonoperat ing l i m i t ,  OF 
-35 t o  160 
40 t o  90 
-65 t o  120 
2) Power d u t y  c y c l e  - The power d u t y  c y c l e s  and compo- 
n e n t  power r equ i r emen t s  a r e  covered i n  t h e  power sub-  
sys t em.  
3 )  Environment - 
a )  S t e r i l i z a t i o n  - During s t e r i l i z a t i o n  a l l  s u r f a c e s  
o f  the c a p s u l e  w i l l  be s u b j e c t  t o  a d r y  h e a t  o f  
257'F (275'F f o r  q u a l i f i c a t i o n )  ; 
b) P a r k  o r b i t ,  a c q u i s i t i o n ,  and midcourse c o r r e c t i o n  - 
The amounts o f  E a r t h  a lbedo  and emiss ion  r e c e i v e d  
v a r y  a l o n g  w i t h  t h e  sun o r i e n t a t i o n ;  
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c )  C r u i s e  - The s o l a r  f l u x  w i l l  v a r y  from 444 Btu/  
h r - f t 2  a t  E a r t h  t o  850 B t u / h r - f t 2  a t  Venus. 
o r b i t e r  and f l y b y  m i s s i o n s  w i l l  have a s o l a r  f l u x  
of 900 B t u / h r - f t 2  a t  t h e  c l o s e s t  p o i n t  of t h e  t r a -  
j e c t o r y  t o  t h e  sun;  
The 
d) O r b i t  - The c a p s u l e  w i l l  be  s u b j e c t  t o  p l a n e t  a l -  
bedo, emis s ion ,  and s h i e l d i n g  from t h e  s u n ;  
e) Coast  - The e n t r y  c a p s u l e  w i l l  b e  s u b j e c t  t o  t h e  
s o l a r  space  environment f o r  10 t o  68 hr b e f o r e  
e n t r y ;  
f )  E n t r y  - Entry w i l l  impose a c c e l e r a t i o n  f o r c e s  up 
t o  300 g .  The backface  t e m p e r a t u r e s  o f  t h e  f o r -  
ward and a f t  a b l a t o r s  w i l l  r e a c h  400°F; 
g) P a r a c h u t e  d e s c e n t  - The l o c a l  a tmosphere can r e a c h  
-66°F d u r i n g  t h e  15-minute d e s c e n t ,  
b l e  a e r o h e a t i n g  i s  e x p e r i e n c e d ;  
No a p p r e c i a -  
h) F l o a t i n g  i n  t h e  Venus atmosphere - The model a t -  
mosphere t empera tu res  r ange  from 59 t o  84°F a t  
t h e  d e s i g n  f l o a t  a l t i t u d e .  The atmosphere models 
a r e  d i s c u s s e d  i n  d e t a i l  i n  appendix A .  Tempera- 
t u r e  v a r i a t i o n  due t o  wea the r  i s  +9"F, which re-  
s u l t s  i n  a d e s i g n  atmosphere t e m p e r a t u r e  r ange  of 
50 t o  93OF. 
w i l l  v a r y  t h e  s o l a r  and i n f r a r e d  r a d i a t i o n  on t h e  
BVS. 
F lo ' a t ing  i n  and o u t  o f  t h e  c louds  
O r b i t e r  Miss ion  
C r u i s e  a n a l y s i s . -  The s o l a r  f l u x  v a r i e s  from 444 B t u / h r - f t 2  
a t  E a r t h  t o  900 B t u / h r - f t 2  a t  t h e  c l o s e s t  p o i n t  o f  t h e  t r a j e c t o r y  
t o  t h e  sun ,  t o  850 B t u / h r - f t 2  a t  Venus. F i g u r e  123 shows t h e  cap-  
s u l e  t empera tu re  change going from E a r t h  t o  Venus u s i n g  c o a t i n g s  
o n l y .  O the r  combinat ions o f  c o a t i n g s  could change t h e  t empera tu re  
l e v e l ,  b u t  would n o t  change t h e  r a n g e  s i g n i f i c a n t l y .  This  t e m -  
p e r a t u r e  r ange  exceeds some o f  t h e  component t e m p e r a t u r e  l i m i t s ,  
t h u s  i t  i s  n e c e s s a r y  t o  employ some method o f  c o n t r o l .  
F i g u r e  124 shows f o u r  methods s t u d i e d  f o r  a s i m i l a r  Venus 
m i s s i o n .  The r e s u l t s  a r e  a p p l i c a b l e  t o  t h i s  m i s s i o n .  The f i r s t  
system u s e s  e l e c t r i c a l  h e a t e r s  on t h e  gondola and t h e  p r o p u l s i o n  
subsystem. A r a d i a t i o n  s h i e l d  i s  added t o  t h e  p r o p u l s i o n  subsys-  
tem t o  r e d u c e  t h e  amount o f  e l e c t r i c a l  power r e q u i r e d .  
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E a r t h  T i m e  - Venus 
F i g u r e  123.- P a s s i v e  C r u i s e  Con t ro l  
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Shield s u r f a c e  
System 1 
C o a t i n g s  and e l e c t r i c a l  
h e a t e r s  
,-Multi layer 
Louvers  
i n s u l a t i o n  
\Ad i a  ba t i c  
s u r f a c e  
System 2 
I n s u l a t i o n  and l o u v e r s  
- Mu1 t i  l a y e r  
i n s u l a t i o n  i n s u l a t i o n  
E l e c t r i c a l  J L A d i a b a t i c  
h e a t e r s  s u r f a c e  
System 3 
I n s u l a t i o n  and e l e c t r i c a l  h e a t e r s  
Ad i a b  a t i c  
s u r  E a c  e 
System 4 
I n s u l a t i o n  and c a v i t y  
F i g u r e  124.- P o s s i b l e  Thermal C o n t r o l  Systems f o r  C r u i s e  Mode 
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Each s u r f a c e  h a s  a s p e c i f i c  t he rma l  c o a t i n g  t o  c o n t r o l  t h e  cap-  
s u l e  t e m p e r a t u r e .  The t h r e e  o t h e r  systems use  m u l t i l a y e r  i n s u l a -  
t i o n  on t h e  e x t e r i o r  s u r f a c e  o f  t h e  b i o c a n i s t e r ,  r e s u l t i n g  i n  a 
s m a l l  c a p s u l e  t e m p e r a t u r e  g r a d i e n t .  I n  system 2 ,  c o n t r o l  i s  ob- 
t a i n e d  from l o u v e r s  t h a t  r e j e c t  h e a t  a t  Venus. I n  system 3 ,  h e a t  
i s  added t o  t h e  c a p s u l e  by e l e c t r i c a l  energy s u p p l i e d  by s o l a r  
p a n e l s ,  I n  system 4 ,  h e a t  i s  added t o  t h e  c a p s u l e  by hav ing  a n  
a d j u s t a b l e  f l a p  t o  a b s o r b  s o l a r  ene rgy .  System 3 and 4 a r e  s i z e d  
so t h a t  no h e a t  i s  added a t  Venus. 
One i m p o r t a n t  parameter  a f f e c t i n g  a l l  systems i s  t h e  r a n g e  o f  
c o a t i n g  p r o p e r t i e s  t h a t  can  be  o b t a i n e d .  Data  from Mar ine r  ' 67  
i n d i c a t e  a 200% d e g r a d a t i o n  o f  w h i t e  p a i n t s .  T h i s  d e g r a d a t i o n  
i n c r e a s e s  t h e  s o l a r  a b s o r p t i v i t y  which, i n  t i m e ,  i n c r e a s e s  t h e  
the rma l  c o n t r o l  r e q u i r e m e n t s .  Some t y p e s  o f  c o n v e r s i o n  c o a t i n g s  
a r e  s t a b l e .  F l i g h t  d a t a  o f  Pegasus i n d i c a t e  t h a t  i t s  c o n v e r s i o n  
c o a t i n g ,  MT.L-3, i s  performing s a t i s f a c t o r i l y ,  Two s o l a r  r e f l e c -  
t i v e  conve r s ion  c o a t i n g s  a r e  F a i r c h i l d  DEV-26-70, a /€  = 0 . 5 ,  and 
DEV-26-20, a / €  = 0.67 ( r e f .  1 5 ) .  Conversion c o a t i n g s  chemica l ly  
s i m i l a r  t o  m L - 3  can have v a l u e s  o f  a / €  o f  abou t  0 . 6 .  The low- 
e s t  v a l u e  o f  a/€  cons ide red  i n  od r  s t u d y  i s  0 . 6 .  A maximum 
v a l u e  of  a / €  
p e r a t u r e  o f  800'F a t  Venus. 
equa l  t o  2 .8  was based on a n  o u t e r  cove r ing  tem- 
Another parameter  a f f e c t i n g  t h e  c r u i s e  mode i s  t h e  performance 
o f  m u l t i l a y e r  i n s u l a t i o n ,  Cons ide r ing  t h e  w i d e  sp read  i n  perform- 
ance  d a t a  o f  m u l t i l a y e r  i n s u l a t i o n ,  an o v e r a l l  performance v a r i a -  
t i o n  o f  +50% was u s e d .  A t o l e r a n c e  o f  +25% was used f o r  perform- 
ance  v a r i a t i o n  from p o i n t  t o  p o i n t  i n  a g i v e n  i n s t a l l a t i o n .  A 
nominal v a l u e  of  0 . 0 6  was used f o r  t h e  e f f e c t i v e  e m i s s i v i t y  o f  
e a c h  s u r f a c e ,  T h i s  v a l u e  a c c o u n t s  f o r  a t t a c h m e n t s ,  j o i n t s ,  and 
p e r f o r a t i o n s  and was determined from a f u l l - s c a l e  t e s t  o f  a 19- 
f t - d i a m  Voyager thermal  model ( r e f .  1 6 ) .  Mar t in  M a r i e t t a  t e s t  
r e s u l t s  a r e  v e r y  s i m i l a r  t o  t h e  r e s u l t s  o f  General  E l e c t r i c  Com- 
pany ( r e f .  17) a s  shown i n  t h e  fo l lowing  t a b u l a t i o n  
- 
I t e m  
Covering 
S h i e l d s  
S e p a r a t o r s  
Performance , 
B t u / h r  - f t2 
Weight ,  l b / f t 2  
M a r t i n  M a r i e t t a  1 General  E l e c t r i c  
2-mil  Kapton 
10 l a y e r s  1 / 4 - m i l  Mylar ,  
a luminized b o t h  s i d e s  
2 l a y e r s  s i l k  mesh 
0.40 a t  55'F 
2-mil  Kapton 
2 2  l a y e r s  1 / 4 - m i I  
c r i n k l e d  Mylar ,  
g o l d i z e d  one s i d e  
None 
0.44 a t  55'F 
0 . 0 7 8  I 0 . 0 7 5  I 
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The s t u d y  was based on t h e  General  E l e c t r i c  i n s u l a t i o n  sys t em,  
Mylar p h y s i c a l  p r o p e r t i e s  become marginal  a t  300'F. Thus s h i e l d s  
which w i l l  be s u b j e c t e d  t o  t empera tu res  of  300°F o r  h i g h e r  may be 
r e q u i r e d  t o  be  made o f  Kapton.  No weight  p e n a l t y  i s  assumed f o r  
u s i n g  Kapton i n s t e a d  o f  Mylar i n  t h i s  s t u d y .  
System 1 - e l e c t r i c a l  h e a t i n g  of  t h e  probe and p r o p u l s i o n  s y s -  
t e m :  Power f o r  t h e  h e a t e r  i s  t aken  from t h e  s o l a r  p a n e l s  on t h e  
s p a c e c r a f t .  For  each  pound o f  s o l a r  p a n e l s ,  6 W a r e  produced 
( r e f ,  1 9 ) ;  t h i s  energy  d e n s i t y  i n c l u d e s  s t r u c t u r a l  suppor t  f o r  t h e  
s o l a r  p a n e l s .  Wire mesh b l a n k e t - t y p e  h e a t e r s  c o n t r o l l e d  by ser ies-  
p a r a l l e l  b i m e t a l l i c  t h e r m o s t a t s  a r e  used .  
The sys tem weighs 6 l b  o f  which 2 . 5  l b  a r e  f o r  h e a t e r s  and 
c o n t r o l s .  The o t h e r  3 . 5  l b  a r e  f o r  t h e  s o l a r  p a n e l s  t h a t  a r e  re-  
qu i r ed  t o  produce 2 1  W o f  thermal  c o n t r o l  power. 
System 2 - i n s u l a t i o n  and louve r s :  M u l t i l a y e r  i n s u l a t i o n  i s  
used on t h e  e x t e r i o r  s u r f a c e  o f  t h e  b i o c a n i s t e r  so t h a t  t h e  l o u v e r s  
w i l l  b e  opened a t  Venus and c losed  a t  E a r t h .  The e f f e c t i v e  emis- 
s i v i t y  of  c losed  l o u v e r s  i s  0 .1  and o f  opened l o u v e r s  i s  0 .65  ( r e f .  
18) .  
Using t h e  w o r s t  combina t ion  of  expected v a r i a t i o n  of  i n s u l a t i o n  
per formance ,  i t  was determined t h a t  t h e  l o u v e r s  could n o t  l i m i t  
t h e  c a p s u l e  t o  a 10°F t empera tu re  r ise .  Allowing t h e  t empera tu re  
t o  r ange  from 40°F a t  E a r t h  t o  90°F a t  Venus, an  optimum system 
we igh t  of  34 .5  l b  was de t e rmined ,  The weight  i n c l u d e s  13 .5  l b  
o f  i n s u l a t i o n ,  which h a s  e i g h t  s h i e l d s  on t h e  sun -o r i en ted  forward 
s u r f a c e  and 40 s h i e l d s  on t h e  a f t  s u r f a c e .  A l o u v e r  a r e a  and 
weight  of  21  s q  f t  and 2 1  l b ,  r e s p e c t i v e l y ,  i s  needed .  A s o l a r  
a b s o r b i n g  s u r f a c e ,  a /€  = 2 .7 ,  i s  r e q u i r e d  on t h e  o u t e r  cove r ing  
f a c i n g  t h e  s u n .  
A louve r  weight  o f  1 l b / s q  f t  was t a k e n  from r e f e r e n c e  1 9 .  
System 3 - i n s u l a t i o n  and e l e c t r i c a l  h e a t e r s :  M u l t i l a y e r  i n -  
s u l a t i o n  i s  used on t h e  e x t e r i o r  s u r f a c e  of  t h e  b i o c a n i s t e r  so 
t h a t  added h e a t  i s  r e q u i r e d  a t  E a r t h  bu t  n o t  a t  Venus. E l e c t r i c a l  
power i s  ob ta ined  from s o l a r  pane l s  on t h e  s p a c e c r a f t  a t  6 W/lb. 
Using t h e  w o r s t  combina t ion  of  expec ted  v a r i a t i o n s  i n  i n s u l a -  
t i o n  performance,  t h e  sys tem was opt imized  assuming t h e  c a p s u l e  
i s  i s o t h e r m a l .  Hold ing  a c o n s t a n t  t empera tu re  o f  60°F from E a r t h  
t o  Venus, an optimum sys tem weight  o f  24 l b  i s  r e q u i r e d ,  c o n s i s t -  
i n g  o f  6 . 1  l b  o f  s o l a r  p a n e l s  (36 .6  W maximum) and 2 . 8  l b  o f  
h e a t e r s  and c o n t r o l s .  The i n s u l a t i o n  weighs 1 5 . 1  l b  w i t h  30  
s h i e l d s  on t h e  forward p o s i t i o n  of  t h e  b i o c a n i s t e r  and f o u r  s h i e l d s  
on t h e  a f t  p o r t i o n .  The i n s u l a t i o n  o u t e r  c o v e r i n g  r e q u i r e s  an 
a / €  v a l u e  of  0 . 6 3 .  
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System 4 - i n s u l a t i o n  and s o l a r  c a v i t y :  Changing sys t em 3 t o  
o b t a i n  h e a t  d i r e c t l y  from t h e  sun i n s t e a d  o f  from t h e  s o l a r  p a n e l s  
w i l l  r educe  t h e  sys t em w e i g h t .  S o l a r  energy can b e  absorbed and 
c o n t r o l l e d  by hav ing  a n  a b s o r b i n g  s u r f a c e  o r  c a v i t y  w i t h  an i n s u -  
l a t e d  movable c o v e r .  The c o v e r ,  be ing  s i m i l a r  t o  a n  i n s u l a t e d  
l o u v e r  system, can v a r y  the s o l a r  h e a t  a b s o r b e d .  The sys t em o p t i -  
m i z a t i o n  i s  t h e  same a s  f o r  system 3 .  For a c o n s t a n t  t e m p e r a t u r e  
of  60°F t h e  system we igh t  i s  15.5 l b  w i t h  1 5 . 1  l b  o f  i n s u l a t i o n  
and 0 .4  l b  f o r  t h e  0.4 sq f t  of cover  a r e a .  
S e l e c t i o n :  System 1 i s  t h e  recommended system f o r  t h e  f o l l o w -  
i n g  r e a s o n s :  
1) I t  i s  t h e  s i m p l e s t  system, c o n s i s t i n g  o n l y  o f  h e a t e r s  
and c o a t i n g s ;  
2) It  i s  t h e  l i g h t e s t  system; 
3 )  It  h a s  t h e  minimum number of  development p rob lems ,  
F i g u r e  125 shows t h e  the rma l  c o n t r o l  system f o r  Venus BVS 
c r u i s e  phase and t h e  r e s u l t i n g  t empera tu res  d u r i n g  c r u i s e .  A max- 
imum o f  3 4 . 8  W i s  r e q u i r e d  i n  t h e  gondola and 2 . 8  W i n  t h e  p r o p u l -  
s i o n  sys t em.  The c o n t r o l  f o r  each w i r e  mesh h e a t e r  b l a n k e t  i s  by 
s e r i e s  p a r a l l e l  b i m e t a l l i c  t h e r m o s t a t s .  The power i s  s u p p l i e d  
by t h e  s o l a r  p a n e l s  on t h e  s p a c e c r a f t .  A weigh t  o f  1 l b / 6  W r e -  
s u l t s  i n  a weight  o f  6 . 3  l b  f o r  i n c r e a s i n g  the s o l a r  p a n e l s  f o r  
t h e  the rma l  c o n t r o l  sys t em.  
The e x t e r n a l  c o a t i n g  on t h e  b i o c a n i s t e r  i s  a c o n v e r s i o n  c o a t -  
i n g  w i t h  a /€  e q u a l  t o  0 . 6 .  Low e m i s s i v i t y  s u r f a c e s  a r e  e i ther  
p o l i s h e d  metal  o r  an a lumin ized  o r  g o l d i z e d  f i l m  bonded o n t o  t h e  
s u r f a c e .  The o u t s i d e  s u r f a c e  o f  t h e  a f t  a b l a t o r  i s  p a i n t e d  w h i t e  
- -  a r equ i r emen t  f o r  t h e  c o a s t  phase .  Only t h e  s h i e l d  around t h e  
p r o p u l s i o n  subsystem i s  an added s u r f a c e  f o r  t he rma l  c o n t r o l .  The 
r e s u l t i n g  t e m p e r a t u r e s  d u r i n g  c r u i s e  a r e  shown i n  f i g u r e  1 2 5 .  
The s e l e c t e d  sys t em w i l l  keep t h e  p r o p e l l a n t s  from f r e e z i n g  and 
t h e  b a t t e r y  w i t h i n  i t s  nonopera t ing  r ange  o f  40 t o  90'F. 
During such maneuvers a s  midcourse c o r r e c t i o n ,  t h e  l o s s  of 
e l e c t r i c a l  energy i s  p o s s i b l e  because of  s p a c e c r a f t  o r i e n t a t i o n .  
The maximum t e m p e r a t u r e  change o f  t h e  p r o p u l s i o n  o r  gondola  d u r -  
i n g  a one-hour r e o r i e n t a t i o n  i s  -5'F. 
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Aeros he1  1 
E l e c t r i c a l  h e a t e r s  
34.8 Watts 
thermal  c o n t r o l  
A d i a b a t i c  s u r f a c e  
o p u l s i o n  sys tem 
TI. = 40°F w i t h  2.8 Watts 
TI is t empera tu re  a t  E a r t h  
T, i s  t empera tu re  a t  c l o s e s t  p o i n t  t o  Sun (0.7 A . U . )  
T3 i s  t empera tu re  a t  Venus 
L o c a t i o n  B tu /h r - f  t2 
E a r t h  444 
C l o s e s t  p o i n t  t o  Sun 900 
S o l a r  f l u x ,  
Venus 85 0 
F i g u r e  125.- C r u i s e  Phase Thermal C o n t r o l  
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O r b i t  a n a l y s i s . -  The c a p s u l e  h a s  t h e  same sun o r i e n t a t i o n  
d u r i n g  o r b i t  a s  i t  does  d u r i n g  c r u i s e .  P l a n e t  a lbedo  and emiss ion  
r a i s e  t h e  t empera tu re  o f  t h e  gondola and probe  l e s s  t h a n  1°F and 
t h e  b a l l o o n  g a s  s t o r a g e  t a n k s  l e s s  t h a n  2°F .  
and t h e  25-hr  o r b i t  pe r iod  a l low t h e  c a p s u l e  t o  r e t u r n  t o  t h e  
s t e a d y - s t a t e  t empera tu res  shown i n  f i g u r e  125 d u r i n g  each  o r b i t ,  
Venus shades  t h e  c a p s u l e  from t h e  sun f o r  approximate ly  50 m i n u t e s ,  
The e c c e n t r i c  o r b i t  
Coas t  a n a l y s i s . -  During t h e  c o a s t  phase ,  t h e  b i o c a n i s t e r  and 
p r o p u l s i o n  sys tem a r e  s e p a r a t e d  and t h e  s p i n n i n g  e n t r y  capsu le  i s  
o r i e n t e d  w i t h  t h e  sun on t h e  a f t  s u r f a c e .  The a f t  s u r f a c e  i s  
coated w i t h  a w h i t e  p a i n t  and t h e  forward a e r o s h e l l  i s  coa ted  
w i t h  an aluminum p a i n t .  A l l  s u r f a c e s  have t h e  same c o a t i n g  a s  
analyzed d u r i n g  t h e  c r u i s e  mode. The t empera tu re  h i s t o r y  f o r  t h e  
10-hr  d u r a t i o n  i s  shown i n  f i g u r e  1 2 6 .  Because c o a t i n g s  a r e  ade-  
q u a t e  t o  p r o v i d e  thermal  c o n t r o l ,  no o t h e r  systems were c o n s i d e r e d .  
E n t r y  a n a l y s i s . -  The e n t r y  h e a t i n g  r e s u l t s  i n  a r a p i d  tempera- 
t u r e  rise of the backface  of  t h e  a b l a t o r  s u r f a c e s .  S e p a r a t i o n  o f  
t h e  probe from t h e  a e r o s h e l l  o c c u r s  seconds a f t e r  t h e  backface  
r e a c h e s  400°F.  The s h o r t  exposure o f  t h e  probe t o  t h i s  tempera- 
t u r e  w i l l  i n c r e a s e  t h e  t empera tu re  of  t h e  gondola  l e s s  t h a n  1°F .  
Thus,  no a d d i t i o n a l  c o n t r o l  i s  r e q u i r e d  f o r  e n t r y  h e a t i n g .  
P a r a c h u t e  d e s c e n t  a n a l y s i s . -  The maximum d e s c e n t  t ime i s  14.8 
minu tes .  The a n a l y s i s  cons ide red  forced  convec t ion  on t h e  e x t e -  
r i o r  s u r f a c e s  o f a t h e  gondola and gas  s t o r a g e  t a n k s .  F r e e  convec- 
t i o n  t o  t h e  l o c a l  a tmosphere was assumed f o r  t h e  i n t e r n a l  s u r f a c e s  
o f  t h e  gondola  because  t h e  gondola  has  sma l l  v e n t i l a t i o n  l o u v e r s .  
F i g u r e  127 shows t h e  t empera tu re  h i s t o r y  of  s e v e r a l  components 
d u r i n g  d e s c e n t .  The r e s u l t i n g  t empera tu res  show no need f o r  a d d i -  
t i o n a l  c o n t r o l  d u r i n g  t h i s  phase  o f  t h e  m i s s i o n .  
Gondola a n a l y s i s  i n  t h e  Venus a tmosphere . -  Es t imated  thermal  
p r o p e r t i e s  o f  t h e  Venus atmosphere a r e  l i s t e d  i n  t a b l e  9 1 .  The 
gondola  was e v a l u a t e d  f o r  bo th  t h e  h o t  and co ld  ex t r emes .  The 
gondola i s  ven ted  s o  t h a t  f r e e  convec t ion  w i t h  l o c a l  t empera tu re  
a tmosphere i s  p o s s i b l e .  The o u t e r  s u r f a c e s  o f  t h e  gondola have 
been coa ted  w i t h  a wh i t e  p a i n t  t o  reduce  t h e  s o l a r  a b s o r p t i o n .  
P o s s i b l e  d e g r a d a t i o n  of  t h e  w h i t e  p a i n t  h a s  n o t  been ana lyzed .  
The r a d i a t i o n  s h i e l d  on t h e  i n t e r i o r  s u r f a c e s  o f  t h e  gondola d i d  
n o t  s i g n i f i c a n t l y  reduce  t h e  component t empera tu res  and w i l l  n o t  
b e  u s e d .  F i g u r e  128 shows s t e a d y - s t a t e  t empera tu res  of t h e  gon- 
d o l a  w i t h  t h e  programer powered w i t h  4 W .  Power peaks w i l l  i n -  
c r e a s e  t h e  t empera tu re  o f  some components bu t  s t e a d y - s t a t e  t e m -  
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F i g u r e  126.- Coas t  Phase  Thermal C o n t r o l  
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Figure 127.- Component Temperatures During Descent 
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Sun Outer  s u r f a c e s  
c o a t e d  w i t h  w h i t e  
p a i n t  
a: = 0.17 
E = 0.88 . 
Data h a n d l i n g  
system and 
programer 
S o l a r  P a n e l s  
Atmosphere 93OF 
B a t t e r y  
A 1  t i m e  t e r 
Hot extreme 
S o l a r  p a n e l s  --c 
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system and Fr 
programer O hl 
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B a t t e r y  
- A l t i m e t e r  
Cold Extreme 
F i g u r e  128 .- Gondola F l o a t i n g  i n  t h e  Venus Atmosphere 
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One pound o f  phase  change m a t e r i a l  ( t e t r a c o s a n e )  i n c l u d i n g  pack- 
a g i n g  i s  used t o  abso rb  t h e  h i g h  ene rgy  peak o f  t h e  S-band t r a n s -  
m i t t e r .  T e t r a c o s a n e  i s  a p a r a f f i n  w i t h  a m e l t i n g  t empera tu re  o f  
124'F and a h e a t  o f  f u s i o n  of 109 B t u / l b .  F i g u r e  128 shows t h a t  
t h e  b a t t e r y  exceeds  i t s  upper t empera tu re  l i m i t  o f  90°F.  Cool ing  
t h e  b a t t e r y  below l o c a l  a tmospher ic  t empera tu re  i s  c o s t l y  i n  w e i g h t .  
Thus ,  i t  may be  d e s i r a b l e  t o  t a k e  t h e  l o s s  o f  e f f i c i e n c y  i n  ope r -  
a t i n g  t h e  b a t t e r y  above 90'F. F i n s  can be added t o  b a t t e r y  t o  
hold  i t s  t empera tu re  c l o s e  t o  t h e  a tmosphe r i c  t e m p e r a t u r e ,  i f  , 
b a t t e r y  e f f i c i e n c y  r e q u i r e s  i t .  
Flyby Miss ion  
Most phases  o f  t h e  f l y b y  mis s ion  a r e  i d e n t i c a l  t o  t h o s e  of 
t h e  o r b i t e r  m i s s i o n .  The major d i f f e r e n c e  i s  i n  t h e  c o a s t  phase .  
The c a p s u l e  t empera tu res  ( f i g .  129) d u r i n g  t h e  c o a s t  phase  re- 
f l e c t  t h e  change i n  sun  o r i e n t a t i o n  and ' length o f  c o a s t  t i m e .  
The c o a t i n g s  a r e  t h e  same a s  t h o s e  used d u r i n g  t h e  o r b i t e r  m i s -  
s i o n ,  t h u s ,  t h e  thermal  c o n t r o l  d e s i g n  f o r  b o t h  mis s ions  i s  t h e  
same. 
Venus/Mercury Miss ion  
The Venus/Mercury f l y b y  mis s ion  h a s  s e v e r a l  f a c t o r s  t h a t  a l t e r  
t h e  r e s u l t s  from t h e  o r b i t e r  and f l y b y  m i s s i o n s .  F l o a t i n g  on t h e  
d a r k  s i d e  o f  Venus r educes  t h e  b a l l o o n  and gondola  t e m p e r a t u r e s .  
The new sun  o r i e n t a t i o n  d u r i n g  c o a s t  r e q u i r e s  a change i n  t h e  
e n t r y  c a p s u l e  c o a t i n g s ,  which a f f e c t s  t h e  . c r u i s e  mode t e m p e r a t u r e s .  
Dur ing  c o a s t  phase  t h e  sun  o r i e n t a t i o n  w i l l  r e q u i r e  w h i t e  
p a i n t  on t h e  forward a e r o s h e l l  and a low e m i s s i v i t y  c o a t i n g  on  
t h e  a f t  a e r o s h e l l .  The r e s u l t i n g  c a p s u l e  t empera tu res  d u r i n g  
c r u i s e  a r e  shown i n  f i g u r e  1 3 0 .  A 37 W power supp ly  t o  t h e  gon- 
d o l a  and p r o p u l s i o n  sys tem w i l l  m a i n t a i n  t h e i r  t empera tu re  a t  40'F 
when t h e  s p a c e c r a f t  i s  n e a r  E a r t h .  During c r u i s e ,  t h e  c a p s u l e  
does  n o t  approach  0 .7  A . U .  from t h e  sun  b e f o r e  Venus encoun te r  a s  
i n  t h e  o r b i t e r  and f l y b y  m i s s i o n s .  
T r a n s i e n t  a n a l y s i s  d u r i n g  a c q u i s i t i o n  phase  and midcourse 
c o r r e c t i o n  showed t h e  t empera tu re  change o f  t h e  probe and gondola  
was less  t h a n  5'F f o r  a 1 - h r  d u r a t i o n ,  The t empera tu re  h i s t o r y  
f o r  t h e  68-hr  c o a s t  pe r iod  i s  shown i n  f i g u r e  131. -~ 
~ 
- 
The h o t  extreme w i l l  be less  severe o n t h e  d a r k  s i d e  of t h e  ~ 
p l a n e t  because of t h e  absence  of any solar r a d i a t i o n .  
extreme w i l l  be t h e  same as shown i n  the o rb i t e r  miss ion .  
The c o l d  
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Figure 129.- Separation Phase Thermal Control 
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F i g u r e  131.- Coas t  Phase Thermal C o n t r o l  
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The h o t  extreme w i l l  r educe  t h e  d a t a  hand l ing  sys tem from 129'F 
( a s  shown i n  f i g .  128) t o  125°F.  The b a t t e r y  and a l t i m e t e r  t e m -  
p e r a t u r e s  w i l l  approach t h e  a tmosphe r i c  t empera tu re  o f  93°F. The 
d e s i r e d  b a t t e r y  t empera tu re  w i l l  be  exceeded, b u t  i t  i s  d e s i r a b l e  
t o  a c c e p t . t h e  l o s s  i n  b a t t e r y  e f f i c i e n c y  r a t h e r  t h a n  a c t i v e l y  
coo l  it below l o c a l  ambient  t e m p e r a t u r e .  One pound of  phase change 
m a t e r i a l ,  t e t r a c o s a n e ,  w i l l  s t i l l  be  r e q u i r e d  on t h e  S-band t r a n s -  
m i t t e r .  
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STRUCTURE AND MECHANISMS 
For t h e  t h r e e  m i s s i o n s  under  c o n s i d e r a t i o n  t h e  s t r u c t u r a l  
concepts are i d e n t i c a l  excep t  the a e r o s h e l l  d i ame te r  i s  7 . 0 f t  
for  t h e  Venus/Mercury m i s s i o n  as compared t o  8.5 f ee t  for  t h e  
other m i s s i o n s .  
The 8 . 5 - f t - d i a m  e n t r y  v e h i c l e  mounted i n  t h e  b i o c a n i s t e r ,  a t -  
tached a t  e i g h t  p l a c e s  t o  t h e  capsu le  a d a p t e r  r i n g  beam, i s  shown 
i n  f i g u r e  132 .  Each of  t h e  e i g h t  a t t a c h  p o i n t s  c o n t a i n s  a s p r i n g  
t o  supp ly  s e p a r a t i o n  v e l o c i t y  when t h e  e n t r y  v e h i c l e  s e p a r a t e s  
f rom t h e  s p a c e c r a f t .  The a f t  s e c t i o n  of the b i o c a n i s t e r  i s  
a t t a c h e d  t o  t h e  s p a c e c r a f t  by V-band clamps.  The l a r g e  d i ame te r  
r i n g  of t h e  a f t  b i o c a n i s t e r  mounts t h e  t o t a l  sys tem t o  t h e  T i t a n  
111 t r a n s t a g e  payload r i n g  frame.  The forward  s e c t i o n  of  t h e  
b i o c a n i s t e r  i s  s e p a r a t e d  p y r o t e c h n i c a l l y  t o  a l l o w  deployment of  
t h e  e n t r y  v e h i c l e .  The 7 . 0 - f t  d iameter  e n t r y  v e h i c l e  f o r  t h e  
Venus/Mercury mis s ion  i s  mounted i n  i d e n t i c a l  f a s h i o n  w i t h  an 
a c c o r d i n g l y  smaller r i n g  beam. 
The e n t r y  v e h i c l e  showing a l l  subsystems i s  shown i n  f i g u r e  
133. The a e r o s h e l l  i s  8 .5 f t  i n  d i ame te r ,  w i t h  a 55" cone h a l f  
a n g l e  and  1 . 0 - f t  nose  r a d i u s .  The s t r u c t u r e  i s  aluminum r i n g  
f r ame ,  s k i n  c o n s t r u c t i o n  covered  w i t h  a b l a t o r  m a t e r i a l .  The 
a f t e r b o d y  mates w i t h  t h e  forebody and i s  sealed w i t h  a n  O-r ing  
s e a l  to  p reven t  t h e  e n t r y  of h o t  gas  i n t o  t h e  c a p s u l e  d u r i n g  
t h e  e n t r y  h e a t  p u l s e .  The a e r o s h e l l  has  a major r i n g  frame with 
a s h o r t  c y l i n d e r  s e c t i o n  t h a t  mates w i t h  t h e  ga.s i n f l a t i o n  s y s -  
t e m .  Sernimonocoque c o n s t r u c t i o n  i s  c a r r i e d  th rough  a l l  t h e  
c e n t e r  s t r u c t u r e .  The gas  i n f l a t i o n  sys tem s e c t i o n  c a r r i e s  t h e  
f o u r  hydrogen t a n k s  suppor t ed  by t r u s s e s  around t h e  o u t e r  s h e l l .  
A l l  v a l v i n g ,  f i l t e r s ,  f i t t i n g s ,  and t u b i n g  a r e  l o c a t e d  i n  t h i s  
s e c t i o n  and are  r e l e a s e d  a f t e r  b a l l o o n  i n f l a t i o n .  
The subsonic  probe  i s  s t r u c t u r a l l y  a t t a c h e d  t o  t h e  gas  i n -  
f l a t i o n  subsystem and r e l e a s e d  by two pyro techn ic  d e v i c e s .  The 
gondola  i s  mounted on t o p  of t h e  gas  i n f l a t i o n  sys tem.  
The p ropu l s ion  module € o r  t h e  o r b i t a l  and f l y b y  mis s ions  are  
shown in  drawing s e c t i o n s  B - B ,  and C y  r e s p e c t i v e l y .  The two 
modules a l l o w  f o r  a common a t t achmen t  scheme t o  t h e  a f t e r b o d y .  
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The a e r o s h e l l  f o r  t h e  Mercury/Venus mis s ion  i s  7.0 f t  i n  
d i ame te r  b u t  i s  s t r u c t u r a l l y  t h e  same as t h e  8 .5 - f t -d i ame te r  
c a p s u l e  i n  g e n e r a l  arrangement  and  des ign  f e a t u r e s .  An inboa rd  
p r o f i l e  i s  shown i n  f i g u r e  134. There  a re  no  m o d i f i c a t i o n s  t o  
t h e  BVS sys tem w i t h i n  t h e  a e r o s h e l l  and b a s e  c o v e r ,  and  t h e  s t r u c -  
t u r a l  i n t e r f a c e  remains unchanged. The c o n i c a l  a , f t e rbody  i s  
s h a r p e r  f o r  the 7 .0- f t -d iam c a p s u l e  and t h e  p r o p u l s i o n  Slystem is 
a p p r e c i a b l y  d i f f e r e n t  w i t h  an  a t t i t u d e  c o n t r o l ,  c o l d  gas  system 
i n c o r p o r a t e d  i n t o  t h e  p r o p u l s i o n  module. I 
The a f t e r b o d y  h a s  an a b l a k o r  m a t e r i a l  coven ing  t h e  aluminum 
s t r u c t u r e ,  
an t enna .  
an  O-r ing  a round i t s  p e r i p h e r y  a t  t h e  b a s e  of] t h e  a e r o s h e l l  major  
r i n g  frame and  s e p a r a t e s  p y r o t e c h n i c a l l y  a t  t h e  upper  end o f  t h e  
BVS gondola .  
An r f  t r a n s p a r e n t  window i s  r e q u i r e d  over  t h e  S-band 
The a f t e r b o d y  mates  w i t h  t h e  fo rebdgy  and seals w i t h  
The d e f l e c t i o n  p r o p u l s i o n  sys tem i s , s u p p o r t e d  on t h e  a f t e r -  
body and is s e p a r a t e d  p y r o t e c h n i c a l l y  w i t h  j e t t i s o n  impulse  p ro -  
v i d e d  by s p r i n g s .  
T h i s  c a p s u l e  system i s  d i f f e r e n t  from t h o s e  of t h e  o r b i t e r  and  
Venus f l y b y  m i s s i o n s  i n  t h a t  i t  has  an act ive a t t i t u d e  c o n t r o l  s y s -  
t e m  (ACS). It s e p a r a t e s  w i t h  t h e  d e f l e c t i o n  p r o p u l s i o n  module. 
The ACS n o z z l e s  are  suppor t ed  o f f  t h e  p r o p u l s i o n  module s u p p o r t  
s t r u c t u r e  b y  t u b u l a r  beams t h a q  ex tend  o u t  toward t h e  a e r o s h e l l  
pe r iphe ry .  
w i t h i n  receptacles,  b a l l  and s o c k e t  t y p e  s u p p o r t ,  and. are p r e -  
l oaded  on i n s t a l l a t i o n .  Th i s  a s s u r e s  r i g i d  s u p p o r t  d u r i n g  ACS 
o p e r a t i o n  and  a l l o w s  i t  t o  b e  t o t a l l y  j e t t i s o n e d  w i t h  t h e  de-  
f l e c t i o n  p r o p u l s i o n  system. 
The beams c o n t a c t  t h 5 a f t e r b o d y  a t  t h e  p e r i p h e r y  
1 
Heatshield 
The a b l a t i v e  h e a t s h i e l d  material s e l e c t e d  f o r  t h e  o r b i t a l  
and  f l y b y  mis s ions  i s  ESA-5500(M).  T h i s  i s  an  e l a s t o m e r i c  
s i l i c o n e - b a s e d  material t h a t  u s e s  ca rbon  f i l l e r  and  r e i n f o r c e m e n t  
sys tems t o  maximize t h e  s u r f a c e  t empera tu res  a t  which it c a n  
o p e r a t e  w i t h o u t  e x p e r i e n c i n g  e x c e s s i v e  r e c e s s i o n  rates. ESA- 
5500(M) i s  a a m o d i f i c a t i o n  of t h e  ESA-5500 material used  t o  p r o -  
t ec t  t h e  h i g h  h e a t i n g  r a t e  r e g i o n s  of t h e  v e h i c l e  d u r i n g  t h e  
PRIME f l i g h t  test  program. The n a t u r e  of t h e  m o d i f i c a t i o n s  re -  
s u l t  i n  improved c h a r  s t r e n g t h  and,  hence ,  s h e a r  r e s i s t a n c e ,  
Although ESA-F5OO(M) i s  n o t  n e c e s s a r i l y  t h e  optimum h e a t s h i e l d  
material  f o r  a Venus e n t r y  probe,  i t s  p r o p e r t i e s  and  r e sponse  
t o  t h e  spec t rum of environments  t o  b e  encoun te red  are r e l a t i v e l y  
well-known because  of  i t s  s i m i l a r i t y  t o  E S A - 5 5 0 0 ,  which h a s  
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The s i n g l e  environment t h a t  may b e  a problem f o r  t h i s  or  any 
m a t e r i a l  i s  t h e  vacuum exposure  a s s o c i a t e d  w i t h  i n t e r p l a n e t a r y  
t r a n s i t .  The magnitude of o f f g a s s i n g ,  t h e  species release, and  
t h e  e f f e c t s  of exposure  on thermal  and mechanica l  p r o p e r t i e s  
must b e  de te rmined .  
The thermal  p r o p e r t i e s  of ESA-5500(M) used i n  t h e s e  h e a t  
s h i e l d  d e s i g n  a n a l y s e s  a r e  g iven  i n  t a b l e  9 2 .  The s a f e t y  f a c t o r s  
and c r i t e r i a  a p p l i e d  t o  t h e  a n a l y s i s  a r e  g iven  i n  t a b l e  9 3 .  
S i n c e  t h e  e n t r y  v e l o c i t y  f o r  t h e  VenusfMercury mis s ion  i s  ap -  
p rox ima te ly  44 000 f p s ,  compared t o  32 000 f p s  f o r  e n t r y  from 
o r b i t ,  and  38 000 f p s  f o r  e n t r y  from approach ,  t h e  h e a t  s h i e l d  
d e s i g n  d i f f i c u l t i e s  a r i s i n g  from t h e  u n c e r t a i n t y ,  l e v e l ,  and 
s p e c t r a l  d i s t r i b u t i o n  of t h e  r a d i a t i v e  h e a t  f l u x  a r e  magni f ied  
i n  r e l a t i o n  t o  t h e  o r b i t a l  and f l y b y  m i s s i o n s .  I n  a d d i t i o n ,  
t h e  v i s c o u s  s h e a r  s t ress  l e v e l s  on t h e  cone a r e  i n c r e a s e d  t o  
t h e  p o i n t  where i t  becomes d o u b t f u l  i f  t h e  ESA-5500(M) materials 
would b e  a p p l i c a b l e  f o r  t h i s  mi s s ion  and carbon phenol ic  becomes 
a more p r a c t i c a l  material .  
The e f f e c t s  of t h e  i n c r e a s e d  s e v e r i t y  of  t h e  environment of  
t h e  h e a t  s h i e l d  des ign  and material  s e l e c t i o n  can  b e  summarized 
as f o l l o w s :  
1 )  Carbon pheno l i c  becomes t h e  prime m a t e r i a l  c a n d i d a t e  
because  of i t s  h i g h e r  shea r  r e s i s t a n c e  and c h a r  
s tr eng t h  ; 
2 )  Since  carbon pheno l i c  i s  n o t  a s  e f f i c i e n t  t h e r m a l l y  
as ESA-5500(M), t h e  h e a t  s h i e l d  weight  would i n c r e a s e  
from approx ima te ly  200 l b  f o r  t h e  d i r e c t  e n t r y  m i s -  
s i o n  t o  420 l b  f o r  t h e  Venus/Mercury mis s ion ,  i f  
8 .5 - f t -d i am a e r o s h e l l  and a 300°F des ign  backface  
t empera tu re  c r i t e r i a  are  r e t a i n e d .  The r e d u c t i o n  
i n  d iameter  from 8 . 5  t o  7.0 f t  r educes  t h e  h e a t  
s h i e l d  weight  t o  approx ima te ly  300 l b  f o r  t h e  same 
des ign  t empera tu re  ( 3 0 0 ' F ) .  An i n c r e a s e  i n  des ign  
backface  t empera tu re  would r e s u l t  i n  a f u r t h e r  re-  
d u c t i o n  i n  h e a t  s h i e l d  we igh t :  270 l b  f o r  400°F 
s t r u c t u r e  t empera tu re  and 220 l b  f o r  600°F s t r u c t u r e ;  
3 )  The t h e r m o - s t r u c t u r a l  performance of t h e  h e a t  s h i e l d  
s t r u c t u r e  u n i t  i s  of a c r i t i c a l  n a t u r e  because  of t h e  
h i g h  s t r e n g t h  and r i g i d i t y  of t h e  carbon pheno l i c  
h e a t  s h i e l d .  
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TABLE 92.-  ESA-5500(M) ABLATION PROPERTIES 
P r o p e r t y  Va lue  
P l a s t i c  d e n s i t y ,  lb/c.u f t  . . . . . . . . . . . . .  58.0 
Char d e n s i t y ,  l b / c u  f t .  . . . . . . . . . . . . .  3 0 . 9  
F r a c t i o n  v o l a t i l i z e d .  . . . . . . . . . . . . . .  0.536 
T o t a l  normal e m i s s i v i t y  . . . . . . . . . . . . .  0.85  
Vapor s p e c i f i c  h e a t ,  Btu/lb-OR. . . . . . . . . .  0 . 6 0  
Heat of p y r o l y s i s ,  B t u / l b  . . . . . . . . . . . .  0 
Molecular  weight  of v a p o r s ,  lb/mole . . . . . . .  3 4  
lb /mole  . . . . . . . . . . . . . . . . . . . . .  2 8  
Molecular  weight  of gas ,  lb/mole . . . . . . . .  40 
Heat of v a p o r i z a t i o n  ( c h a r ) ,  B tu / lb  . . . . .  .10 500. 
Molecular  weight  of cha r  o x i d a t i o n  product? ,  , 
a 
Char r e c e s s i o n  c o n s t a n t s  
---- .si R a t e  l i m i t e d ,  A l b / i n . z  sec a t m  . . . . . . .  
Oxygen d i f f u s i o n  l i m i t e d  . . . . . . . . . .  ---- 
P r e e x p o n e n t i a l  c o n s t a n t ,  A ,  sec . . . . . . .  7.13 x 10’ 
A c t i v a t i o n  energy,  B y  O R  . . . . . . . . . .  .34  000. 
R e a c t i o n  o r d e r ,  n . . . . . . . . . . . . . . .  2.0 
B’ ---- 5’ OR. . . . . . . . . . . . . .  
AR 
R e a c t i o n  k i n e t i c s  
-1 
Char sub l ima t ion  and n i t r o g e n  r e a c t i o n s  assume he terogeneous  
thermochemical e q u i l i b r i u m .  
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TABLE 93.-  SAFETY FACTORS AND C R I T E R I A  
L a m i n a r / t u r b u l e n t  t r a n s i s t i o n  @ R = 250 
e e 
Ab la to r  backface  temp = 300°F @ t ime of a e r o s h e l l  j e t t i s o n  
The h e a t  s h i e l d  t h i c k n e s s  r equ i r emen t s  f o r  t h e  t h r e e  m i s s i o n s  
a r e  g iven  i n  t a b l e  9 4 .  F u r t h e r  h e a t  s h i e l d  d i s c u s s i o n  i s  found 
i n  Appendix B .  
TABLE 94.- BVS DESIGN HEAT LOADS AND ABLATOR THICKNESS 
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A e r o s h e l l  S t r e s s  Ana lys i s  
The c o n i c a l  a e r o s h e l l  s t r u c t u r e  has  been ana lyzed .  An ex-  
ample of t h i s  a n a l y s i s  f o l l o w s  w i t h  t h e  e n t r y  from o r b i t  m i s s i o n  
c a s e .  The environment  f o r  t h i s  c a s e  i s :  
VE = 32 000 f p s  
yE = -30" 
D = 8.5 f t  
8 = 55' (cone h a l f  a n g l e )  
RN = 1.0 f t  
The a e r o s h e l l  s t r u c t u r e  c o n s i s t s  of f i v e  major  components : 
1) Nose c a p ;  
2)  C o n i c a l  s h e l l  o r  s h e l l s ;  
3 )  A f t  s t a b i l i z a t i o n  f rame;  
4 )  Payload  f rame;  
5) Af te rbody.  
Nose cap . -  The n o s e  c a p  i s  des igned  as a monocoque s h e l l  
w i t h  a c o n s t a n t  r a d i u s  of c u r v a t u r e .  The e x p r e s s i o n  f o r  d e t e r - :  
m i n a t i n g  t h e  r e q u i r e d  t h i c k n e s s  of t h i s  monocoque s h e l l  i n  terms 
of e x t e r n a l  p r e s s u r e  and r a d i u s  of c u r v a t u r e  i s  : 
t = 
where : 
t = r e q u i r e d  t h i c k n e s s ,  
P = e x t e r n a l  p r e s s u r e ,  
R = r a d i u s  of c u r v a t u r e ,  
E = modulus of e l a s t i c i t y .  
T h i s  e q u a t i o n  a p p l i e s  f o r  4 < A < 24 where:  
A = [ 1 2  (1-p2)] ' Ro/ [ R t  ] ' 
and 
p = Poisson: 's  r a t i o ,  
Rs = base r a d i u s  of nose  cap .  
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Conica l  s h e l l  s t r u c t u r e  (and a f t e r b o d y ) . -  Two methods of con-  
s t r u c t i o n  (sandwich and frame s t a b i l i z e d  monocoque) were c o n s i d e r -  
ed f o r  t h e  s h e l l  s t r u c t u r e  of t h e  a e r o s h e l l .  Both methods assume 
a uniform e x t e r n a l  p r e s s u r e  on a c o n i c a l  s h e l l  s imply  suppor t ed  
a t  t h e  boundar i e s .  The b a s i c  equa t ion  f o r  g e n e r a l  i n s t a b i l i t y  of 
t h e  s h e l l  s t r u c t u r e  i s  based  on expe r imen ta l  work on homogenous 
t r u n c a t e d  cones  s u b j e c t e d  t o  e x t e r n a l  c o l l a p s i n g  p r e s s u r e .  The 
e x p r e s s i o n  f o r  t h e  g e n e r a l  i n s t a b i l i t y  a l l o w a b l e  i s  : 
where 
p = a l l o w a b l e  p r e s s u r e ,  p s i ,  
E = modulus of e l a s t i c i t y ,  p s i ,  
L = s l a n t  l e n g t h  of t h e  cone ,  i n . ,  
R = a v e r a g e  s l a n t  r a d i u s  of t h e  cone ,  i n . ,  
t = t h i c k n e s s  of cone s k i n ,  i n .  
The avove e q u a t i o n ,  modi f ied  as r e q u i r e d ,  and a d d i t i o n a l  e q u a t i o n s  
r e q u i r e d  f o r  l o c a l  i n s t a b i l i t y  checks were used  t o  a n a l y z e  t h e  
c o n i c a l  s h e l l s  a s  d i s c u s s e d  below. 
Sandwich s h e l l s . -  The sandwich s h e l l s  a r e  ana lyzed  a s  two 
t r u n c a t e d  cones because  of t h e  l o c a t i o n  of t h e  payload frame.  
The a n a l y s i s  assumes b o t h  cones  t o  be  h y d r o s t a t i c a l l y  loaded ,  
i . e . ,  t h e  cones a r e  s u b j e c t e d  t o  a compress ive  l o n g i t u d i n a l  
s t ress .  The a n a l y s i s  assumes t h a t  s t r u c t u r e s  having  e q u a l  r a d i i  
of g y r a t i o n ,  i n  t h e  c i r c u m f e r e n t i a l  d i r e c t i o n ,  w i l l  work t o  t h e  
same s t ress  l e v e l  b e f o r e  becoming u n s t a b l e .  By e q u a t i n g  r a d i u s  
of g y r a t i o n  , 
1 2 b t  2 b t  
s o l v i n g  f o r  t m 
t m =d26 
(35) 
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and u s i n g  t h e  assumpt ion  of e q u a l  stress 
PmR Ps R 
t 2 t  
- = -  
m - s  
t h e  g e n e r a l  i n s t a b i l i t y  e q u a t i o n  becomes: 
3 /2 9 . 4 9  E t sd  
- 
P =  =3/2 
where : 
= monocoque t h i c k n e s s  , i n .  , tm 
b = u n i t  wid th ,  i n .  , 
= sandwich f a c e  t h i c k n e s s ,  i n .  , 
tS  
d = d i s t a n c e  from sandwich c e n t r o i d  t o  c e n t r o i d  of f a c e  
s h e e t ,  i n .  
It i s  assumed t h a t  c o r e  c e l l  s i z e  i s  small enough t o  p r e c l u d e  
i n t e r c e l l u l a r  b u c k l i n g  of  t h e  f a c e  s h e e t s .  
The above e q u a t i o n  has  been i n c o r p o r a t e d  i n  a program w r i t t e n  
f o r  t h e  IBM 1130 computer t h a t  w i l l  de t e rmine  optimum weight  
sandwich s h e l l s  w i t h i n  t h e  l i m i t s  of minimum f a c e  t h i c k n e s s  and 
minimum and /o r  maximum c o r e  h e i g h t .  Inc luded  a re  weight  f o r  t h e  
r e q u i r e d  c o r e ,  bonding a g e n t  between f a c e  s h e e t s  and c o r e ,  and  
a p p r o p r i a t e  edge members t o  a l l o w  manufac tu r ing  of a segmented 
a e r o s h e l l ,  
Frame s t a b i l i z e d  monocoque s h e l l s .  - Frame s t a b i l i z e d  monocoque 
s h e l l s  were ana lyzed  as two s h e l l s  because  of  t h e  l o c a t i o n  o f  t h e  
payload f rame.  S h e l l s  forward  of  t h e  payload  frame were c o n s i d -  
e r e d  h y d r o s t a t i c a l l y  loaded  and s h e l l s  a f t  of  t h e  payload  f rame 
c o n s i d e r e d  r a d i a l l y  loaded  by a uni form e x t e r n a l  p r e s s u r e .  The 
a n a l y s i s  assumes t h a t  s t r u c t u r e s  hav ing  e q u a l  r a d i i  of g y r a t i o n ,  
i n  t h e  c i r c u m f e r e n t i a l  d i r e c t i o n ,  w i l l  work t o  t h e  same stress 
level  b e f o r e  becoming u n s t a b l e .  With t h i s  assumpt ion  t h e  g e n e r a l  
i n s t a b i l i t y  e q u a t i o n  becomes : 
(37 1 
(38)  
(39 )  
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0.736 E t [ if I] 3 / 4  
P =  IR3/2 
where : 
t = smear t h i c k n e s s  of s t r u c t u r e  over  a w i d t h  b y  i n . ,  
I = moment of i n e r t i a  of t h e  s t r u c t u r e  over  a w i d t h  b 
4 and abou t  an  axis p a r a l l e l  t o  t h e  s h e l l  s k i n ,  i n .  , 
b = frame s p a c i n g  a t  t h e  ave rage  r a d i u s  of t h e  cone ,  i n ,  
I n  a d d i t i o n  t o  a g e n e r a l  i n s t a b i l i t y  check ,  t h e  f o l l o w i n g  
checks  a re  made on t h e  d e t a i l  s h e l l  s t r u c t u r e .  
1) Local  i n s t a b i l i t y  of i n t e r m e d i a t e  frame e l emen t s ;  
2 )  Local  i n s t a b i l i t y  of t h e  s h e l l ;  
3) Loca l  y i e l d  of any s h e l l  e l emen t .  
, The l o c a l  i n s t a b i l i t y  check  f o r  t h e  i n t e r m e d i a t e  frame e l e -  
ments i s  expres sed  i n  g e n e r a l  form a s :  
where : 
I = a c o e f f i c i e n t  t h a t  i s  a f u n c t i o n  of t h e  frame e lement  
boundary c o n d i t i o n s  , 
R = l o c a l  r a d i u s  of c u r v a t u r e  of t h e  s h e l l ,  i n . ,  
r 
r 
t = frame e lement  t h i c k n e s s ,  i n . ,  
b = f rame element  w id th ,  i n .  
Loca l  i n s t a b i l i t y  of t h e  cone s k i n ,  between f rames ,  i s  checked 
by t h e  u s e  of two e x p r e s s i o n s .  The f i r s t  assumes t h e  s k i n  t o  be  
an  i n f i n i t e l y  long  f l a t  pane l  s imply  suppor t ed  a t  t h e  edges .  The 
second assumes t h e  s k i n  t o  b e  a t r u n c a t e d  homogenous cone .  
The h i g h e r  a l l o w a b l e  of t h e s e  two e x p r e s s i o n s  i s  used :  
0.736 E: ts 3 12 
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2)  P = 
357 
where : 
C = a c o e f f i c i e n t  t h a t  i s  a f u n c t i o n  o f  t h e  s k i n  e lement  
boundary c o n d i t i o n s  , 
ts = s k i n  t h i c k n e s s ,  - 
t = smear t h i c k n e s s  , 
R = l o c a l  r a d i u s  of c u r v a t u r e ,  
b = frame spac ing .  
The a n a l y s i s  c o n s i s t s  of s e l e c t i n g  t h e  a p p r o p r i a t e  e lement  
s i z e s  s o  t h a t  a l l  t h e  s t a b i l i t y  checks  a re  s a t i s f i e d ,  t h e  s t r u c -  
t u r e  w i l l  n o t  b e  c r i t i c a l  i n  y i e l d ,  and a minimum weight  s t r u c -  
t u r e  w i l l  b e  ach ieved .  Th i s  method of a n a l y s i s  w a s  sugges t ed  b y  
and h a s  been compared t o  t h o s e  proposed i n  r e f e r e n c e s  20 and 2 1  
and shows v e r y  good agreement .  
A program f o r  t h e  IBM 1130 computer has  been w r i t t e n  t o  p e r -  
form t h e  a n a l y s i s .  The program hand les  s t r u c t u r e  w i t h  r e c t a n g u l a r -  
i n t e g r a l  f rames o r  channe l  f rames.  V a r i a b l e s  i n p u t  t o  t h e  program 
i n c l u d e  cone  a n g l e ,  minimum gages and dimensions on a l l  e l emen t s ,  
d e s i g n  p r e s s u r e ,  m a t e r i a l  a l l o w a b l e s ,  e tc .  Output  c o n s i s t s  of 
d e t a i l  d imens ions ,  a l l o w a b l e s ,  and  we igh t s .  
A f t  s t a b i l i z a t i o n  frame.-  The s h e l l  a n a l y s i s  c o n s i d e r s  gen- 
e r a l  i n s t a b i l i t y  f a i l u r e  th rough  mult iwave b u c k l i n g  of t h e  s h e l l  
w i t h  t h e  ends of t h e  cone  assumed t o  b e  suppor t ed .  An end o r  
edge frame i s  r e q u i r e d  t o  p rov ide  t h i s  s u p p o r t  and t o  p reven t  
g e n e r a l  i n s t a b i l i t y  i n  t h e  N = 2 mode of buck l ing .  Because of 
t h e  r e s t r a i n t  p rov ided  by t h e  b a s i c  s h e l l ,  t h e  f rame w i l l  b e  
f o r c e d  t o  buck le  ou t -o f -p l ane .  The frame moment of i n e r t i a  re- 
q u i r e d  t o  p reven t  t h i s  b u c k l i n g  i s  g iven  by the e x p r e s s i o n :  
a * ~  tan*  Q s i n 2  Q 
9E I =  
where : 
a = s l a n t  l e n g t h  of cone  ex tended  t o  t h e  apex ,  i n . ,  
P = l oad  on frame,  l b / i n . ,  
a = 1 / 2  t h e  i n c l u d e d  a n g l e  of t h e  cone .  
A program f o r  t h e  IBM 1130 computer has  been w r i t t e n  t o  s i z e  
a minimum weight  f rame t h a t  w i l l  s a t i s f y  g e n e r a l  and l o c a l  i n -  
s t a b i l i t y  r equ i r emen t s .  
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Payload  frame.-  The payload  frame c o n s i s t s  of s t r u c t u r e  t o  
r e d i s t r i b u t e  t h e  payload we igh t  d u r i n g  e n t r y  i n t o  a f a i r l y  uni form 
load  i n t o  t h e  s h e l l  s t r u c t u r e  of t h e  a e r o s h e l l .  The payload  frame 
w a s  ana lyzed  as a c i r c u l a r  s t a b l e  web beam on t h e  e l a s t i c  founda-  
t i o n  provided  by t h e  a e r o s h e l l  s t r u c t u r e .  The method of a n a l y s i s  
ass'umes a s ' t r a i g h t  beam e q u a l  i n  l e n g t h  t o  t h e  c i r cumfe rence  of 
t h e  payload frame and matched end c o n d i t i o n s  on e i t h e r  end of t h e  
frame.  The a n a l y s i s  i gnored  t h e  s t i f f n e s s  provided  by hoop con-  
t i n u i t y  of t h e  frame and ,  t h e r e f o r e ,  gave adequate  b u t  conse rva -  
t i v e  r e s u l t s .  A program h a s  been w r i t t e n  f o r  t h e  I B M  1130 com- 
p u t e r  t o  s i z e  a minimum weight  f rame t h a t  w i l l  s a t i s f y  s t i f f n e s s ,  
s t a b i l i t y  and s t r e n g t h  r e q u i r e m e n t s .  
A n a l y t i c a l  r e s u l t s . -  The a e r o s h e l l  was des igned  by dynamic 
p r e s s u r e  d u r i n g  e n t r y .  The peak dynamic p r e s s u r e  (24 .6  p s i  l i m i t  
a t  t h e  s t a g n a t i o n  p o i n t )  w a s  combined wi th  a s t r u c t u r a l  tempera- 
t u r e  of 300°F. A s a f e t y  f a c t o r  of 1.25 was used  on t h e  p r e s s u r e  
and any  s a f e t y  f a c t o r  on t empera tu re  was b u i l t  i n t o  t h e  d e f i n e d  
a b l a t o r  t h i c k n e s s .  
R e s u l t s  of t h e  a n a l y s i s  are shown on f i g u r e s  135 and  136.  
Each dimension o r  gage i s  d e f i n e d  o r  r e s t r i c t e d  by what was con-  
s i d e r e d  t o  b e  a p r a c t i c a l  minimum as shown on f i g u r e  135. Frame 
geometr ies  and s k i n  t h i c k n e s s  (TS) are  c o n s t a n t  over  each  sub-  
assembly w i t h  t h e  frame s p a c i n g  v a r i e d  t o  op t imize  t h e  s h e l l .  
The a f t  f rame geometry i s  shown on f i g u r e  136.  The n o s e  c a p  
was des igned  as a monocoque s h e l l  w i t h  a r e q u i r e d  t h i c k n e s s  of 
0 ,035  i n c h e s .  
BVS Gondola 
F i g u r e  137 shows t h e  gondola  s t r u c t u r e ,  f o r  t h e  o r b i t a l  mis-  
s i o n ,  which i s  a c o n t i n u a t i o n  !of t h e  semimonocoque s t r u c t u r e  of 
t h e  gas  i n f l a t i o n  system s t r u c t u r e .  The gondola has  two f l o o r s  
on which a l l  t h e  equipment i s  mounted. The lower f l o o r  c o n t a i n s  
ma in ly  s c i e n c e  i n s t r u m e n t s ,  w h i l e  t h e  upper f l o o r  c o n t a i n s  a l l  
t h e  s u p p o r t  e l e c t r o n i c s  and an tenna .  The o u t e r  s h e l l  a s  w e l l  a s  
t h e  t o p  cover  p l a t e  a r e  cove red  w i t h  s o l a r  c e l l s .  
F i g u r e  138 shows t h e  f l y b y  c o n f i g u r a t i o n ,  The d i f f e r e n c e  b e -  
tween t h e  f l y b y  and o r b i t a l  mi s s ion  gondolas  a r e  as f o l l o w s :  
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Frame s p a c i n g  a t  sma l l  end o f  cone. l a  
I n p u t  minimum5 







Frame s p a c i n g  a t  l a r g e  end of cone. b 
- _ _  ~~~ ~ I_ ___ ~~~ ~ ~ 
F i g u r e  135.  - A e r o s h e l l  and Af te rbody  S t r u c t u r a l  Details 
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F i g u r e  136.-  A f t  S t a b i l i z a t i o n  Frame S t r u c t u r a l  D e t a i l s  
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1) The c r o s s  s l o t  an tenna  can  b e  j e t t i s o n e d  because  it 
c e a s e s  t o  f u n c t i o n  a t  t h e  t i m e  t h e  gas  i n f l a t i o n  s y s -  
t e m  i s  dropped;  
2 )  An S-band an tenna  has  been added t o  p rov ide  t h e  d i r e c t  
l i n k  communication t o  e a r t h ;  
3) The s o l a r  c e l l s  have been removed and r e p l a c e d  by a d -  
d i t i o n a l  b a t t e r i e s .  With t h e  removal of s o l a r  c e l l s ,  
t h e  s t i f f e n e r s  t h a t  s e r v e d  as c e l l  s u p p o r t  and s k i n  
s t i f f e n e r s  were removed and t h e  s k i n  beaded t o  com- 
p e n s a t e  f o r  t h i s  removal ;  
4 )  Misce l l aneous  equipment changes were made t h a t  a re  
r e l a t e d  t o  t h e  a d d i t i o n  of t h e  S-band an tenna .  
The Venus/Mercury gondola i s  i d e n t i c a l  t o  t h a t  f o r  t h e  f l y b y  
mis s ion  shown i n  f i g u r e  138, excep t  f o r  t h e  removal of t h e  j e t t i s o n -  
a b l e  c r o s s  s l o t  an tenna  and t r a n s m i t t e r  and a s s o c i a t e d  mechanism 
hardware.  Thus,  o n l y  t h e  S-band an tenna  i s  i n s t a l l e d  i n  t h i s  
gondola .  
Gas I n f l a t i o n  Module 
F i g u r e  139 shows t h e  gas  i n f l a t i o n  system and r e l a t e d  s t r u c -  
t u r e .  The s t r u c t u r e  c o n s i s t s  of a s t r a i g h t  c y l i n d e r  s t r u c t u r e  
w i t h  r i n g  f r ames ,  The f o u r  hydrogen t anks  a r e  suppor t ed  o f f  t h e  
s i d e  by i n d i v i d u a l  t u b u l a r  members. The upper  t e n s i o n  member l oad  
w i l l  b e  r e a c t e d  by t h e  upper  r i n g  frame and t h e  lower gondola 
f l o o r .  The lower compression member a x i a l  l oads  w i l l  b e  r e a c t e d  
by t h e  lower r i n g  frame and subsonic  probe s u p p o r t  cone  s t r u c t u r e .  
The lower compression member l o n g i t u d i n a l  l o a d s  w i l l  b e  r e a c t e d  
through a longeron  l o c a t e d  i n  t h e  a e r o s h e l l  c y l i n d r i c a l  s t r u c t u r e .  
The t a n k  b o s s  and s u p p o r t  p rov ides  t a n g e n t i a l  and l o n g i t u d i n a l  
s u p p o r t  a t  t h e  s t r u c t u r e  s k i n .  
The f o u r  i n f l a t i o n  t a n k s  are  used  t o  t r a n s p o r t  ambient  tempera-  
t u r e ,  hydrogen gas  a t  a minimal p r e s s u r e  of 4500 p s i a .  The t a n k s  
a re  o b l a t e  s p h e r i o d  i n  shape ,  c o n s i s t i n g  of an  8 - m i l - t h i c k  aluminum 
l i n e r  overwrapped w i t h  g l a s s  f i b e r  impregnated w i t h  epoxy r e s i n .  
The t a n k  major  and  minor axes  are des igned  t o  a r a t i o  of 1 . 6 : l  



















The i n f l a t i o n  t u b i n g  i s  0.5 i n .  i n  d iameter  w i t h  Pa rke r  Weld- 
Lok f i t t i n g s  shown. These f i t t i n g s  cou ld  b e  changed t o  Aeroquip 
S p a c e c r a f t  Braz ing  F i t t i n g s  f o r  e a s i e r  change of t a n k s  and com- 
ponents .  
The subson ic  probe i s  suppor t ed  by t h e  s u p p o r t  cone t h a t  i s  
p a r t  of t h e  a e r o s h e l l  s t r u c t u r e .  When t h e  a e r o s h e l l  i s  dropped,  
t h e  probe  i s  r e t a i n e d  w i t h  t h e  gas  i n f l a t i o n  system b y  t h r e e  re- 
t a i n e r  members  t h a t  ho ld  t h e  r e l e a s e  b o l t s  of  t h e  probe  ( s e e  
S e c t i o n  E-E,  f i g .  139 f o r  t h e  a t t achmen t  d e t a i l s ) .  The r e a s o n  
f o r  making t h e  suppor t  cone p a r t  of t h e  a e r o s h e l l  s t r u c t u r e  and 
a l s o  p l a c i n g  t h e  hydrogen t a n k  longerons  i n  t h e  a e r o s h e l l  s t r u c -  
t u r e  i s  t o  e l i m i n a t e  weight  from t h e  gas  i n f l a t i o n  system s t r u c -  
t u r e ,  which must b e  suppor t ed  by  t h e  pa rachu te  system. 
Bal loon/System I n t e r f a c e  
F i g u r e  140 shows t h e  c o n f i g u r a t i o n  of t h e  lower b a l l o o n  a r e a  
and b a l l o o n  can .  The i n f l a t i o n  d i f f u s e r  sock  i s  t h e  load  c a r r y -  
i n g  member from t h e  gondola through t h e  b a l l o o n  t o  t h e  p a r a c h u t e  
p r i o r  t o  b a l l o o n  i n f l a t i o n .  It  a l s o  s e r v e s  t o  d i f f u s e  t h e  gas  
f low i n t o  t h e  b a l l o o n .  The d i f f u s e r  sock  i s  des igned  a s  a s e a l e c  
t u b e  from t h e  b a l l o o n  can t o  a p o i n t  n e a r  t h e  t o p  of t h e  b a l l o o n ,  
f o r c i n g  the gas  t o  t h e  t o p  of the b a l l o o n ,  f i l l i n g  t h e  top  f i r s t .  
A f t e r  b a l l o o n  i n f l a t i o n  t h e  l o a d  i s  c a r r i e d  i n t o  t h e  b a l l o o n  v ia  
t h e  s u p p o r t  cone ,  r e l i e v i n g  t h e  i n f l a t i o n  sock  of any l o a d .  Fo r  
f u r t h e r  d e t a i l s  of t h e  b a l l o o n ,  r e f e r  t o  t h e  b a l l o o n  s e c t i o n  of  
t h i s  r e p o r t .  
F i g u r e  141 shows t h e  t o p  of t h e  b a l l o o n  and how i t  i s  a t t a c h e d  
t o  t h e  p a r a c h u t e  system. The py ro techn ic  c u t t e r  s e p a r a t e s  t h e  
p a r a c h u t e  from t h e  b a l l o o n  j u s t  p r i o r  t o  t h e  comple t ion  of t h e  
b a l l o o n  f i l l  c y c l e .  
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WEIGHT AND BALANCE 
A most s i g n i f i c a n t  measure of f e a s i b i l i t y  i s  t h e  we igh t  a l -  
l o c a t e d  t o  t h e  system t o  perform t h e  m i s s i o n  a s  compared t o  t h e  
payload we igh t  a v a i l a b l e .  The a l l o c a t i o n s  f o r  t h e  t h r e e  mis s ion  
modes cons ide red  a r e  summarized i n  t a b l e  95 ,  i n d i c a t i n g  t h e  ove r -  
a l l  margins  a l l o w e d ,  
S e q u e n t i a l  we igh t  s t a t e m e n t s  f o r  t h e  t h r e e  m i s s i o n s  a r e  g i v e n  
i n  t a b l e s  96,  9 7 ,  and 98. Weight summaries f o r  t h e  BVS a r e  g i v e n  
i n  t a b l e s  9 9 ,  100, and 101,  and d e t a i l  we igh t  s t a t e m e n t s  a r e  g i v e n  
i n  t a b l e s  102 ,  103, and 104.  
BVSIEV c e n t e r  of  g r a v i t y  and moment of  i n e r t i a  d a t a  a r e  p r e -  
s e n t e d  i n  t a b l e  105 f o r  v a r i o u s  c o n d i t i o n s  th roughou t  t h e  c o a s t ,  
e n t r y ,  deployment,  and f l o t a t i o n  phases  of  t h e  o r b i t a l  m i s s i o n .  
The r e f e r e n c e  a x i s  system i s  shown i n  f i g u r e  142. 
The small  amount of c e n t e r  of g r a v i t y  o f f s e t ,  which i s  c r i -  
t i c a l  f o r  a s p i n  s t a b i l i z e d  c o n f i g u r a t i o n ,  may be e a s i l y  c o r -  
r e c t e d .  The e n t r y  r equ i r emen t  t h a t  t h e  r o l l  i n e r t i a  be a min- 
i m u m  o f  10 p e r c e n t  g r e a t e r  t han  e i t h e r  t h e  p i t c h  o r  yaw i n e r t i a s  








































































































































































































TABLE 9 6 . -  FLYBY MISSION SUMMARY WEIGHT STATEMENT 
I t em Weight ,  l b  
Boos te r  c a p a b i l i t y  ( 2  600) 
T o t a l  margin 300 .6  
Gross payload 
Payload b o o s t e r  a d a p t e r  
Weight t o  t rans-Venus o r b i t  
Midcourse p r o p e l l a n t  75 m/sec 
ACS p r o p e l l a n t  
S p a c e c r a f t  bu rnou t  
S t r u c t u r e  
Radio 
F1 i g h t  command 
Power 
C e n t r a l  computor and sequence 
T e l e m e t r y  
A t t i t u d e  c o n t r o l  
P y r o t e c h n i c s  
C a b l i n g  
Thermal c o n t r o l  
Mechanical  d e v i c e s  
Data s t o r a g e  
Data au tomat ion  
Scan c o n t r o l  
q a p s u l e  communications 
Sc ience  
Pro pu 1 s i o  n 
Weight t o  p l a n e t  
T o t a l  f l i g h t  c a p s u l e  
Adap te r  and c a n i s t e r  
I S t r u c t u r e  
I n s u l a t i o n  
Biof  il t e r  
E l e c t r i c a l  
S e p a r a t i o n  w e i g h t  
D e f l e c t i o n  module 
Engine 
Engine mount 
F u e l  t a n k s  ( 2 )  
( 2 2 9 9 . 4 )  
174  
( 2 1 2 5 . 4 )  
59  
( 2 0 5 6 . 4 )  
882 
' ,  10 




2 4  
2 4  
7 2  
11 
7 8  
3 1  
5 4  
50  
13 
1 2  
1 6  
98  
5 1  






( 1 0 2 1 . 4 )  
32 .2  
2 .7  
2 .o 
2.7 
3 7 4  
TABLE 96.- FLYBY MISSION SUMMARY WEIGHT STATEMENT - Cont inued  
I t e m  Weight ,  l b  I 
P r e s s u r e  t a n k s  (2 )  1.3 
Tank s u p p o r t s  6 .6  
Valves and plumbing 10.4 
E l e c t r i c a l  
( i n c l  s e p a r a t i o n  d i s c o n n e c t s )  2 .0  
Base s t r u c t u r e  
( i n c l  s e p a r a t i o n  b o l t s )  3 .5  
Res idua  1 s 1 .o 
D e f l e c t i o n  p rope l l an t :  
Spin up ( s o l i d  p r o p e l l a n t )  
Despin  yo-yos 
22 .4  
1 .o 
3 .O 
E n t r y  we igh t  (962 .8)  
A f  t e rbody  80 .O 
Base s t r u c t u r e  (mag s k i n - s t r )  1 7  
Ab l a  t o r  58 
rf  window 5 
Af te rbody  c h u t e  (10 f t  diam) 3 .O 
Aero s h e l l  302 
S t r u c t u r e  125 
A b l a t o r  177 
Spin  sys tem f i x e d  2 .o 
Despin system f i x e d  2 .o  
N u t a t i o n  damper 2 .o  
Equipment i n  a e r o s h e l l  5 5 . 5  
Power 14 .0  
B a t t e r y  (36.7 W-hr) 8 .4  
T r a n s f e r  swi t ch  1 .o 
Power c o n t r o l  1 .5  
I s o l a t i o n  d i o d e s  .4 
Wire and connec to r s  1 . 5  
Suppor t s  1 .2  
Eng inee r ing  s e n s o r s  2 .o 
I n s t r u m e n t  power supp ly  .5 
M u l t i p l e x e r  encoder  3 .O 
Cabl ing  2 . 5  
Sup po r t s .5 
Sequence package 4.0 
Cables  and s u p p o r t s  2 .o 
Te leme t ry  8 .5  
Sequencer  6.0 
P y r o t e c h n i c s  
C o n t r o l  package 12 .9  
Cab l ing  9 .6  
Suppor t s  .5  
3 75 
TABLE 96.-  FLYBY MISSION SUMMARY WEIGHT STATEMENT - Concluded 
I t e m  ~ Weight,  l b  
S t r u c t u r e  
Weight on main c h u t e  
Weight o n  c h u t e  less  probe 
Subsonic  probe 
Ba l loon  can  l i d  
Main c h u t e  and can (32 f t  diam) 
S t r u c t u r e  ( i n f l a t i o n  t r u s s )  
Hydro g e n t a n k s  
R e s i d u a l  and va lved  H, 
Valves and '  p i p i n g  
Equipment 
uhf 
I n i t i a l  w e i g h t  on b a l l o o n  
BVS w e i g h t  a t  e q u i l i b r i u m  f l o a t a t i o n  
S t r u c t u r e  
Ba l loon  system 
Power system 
Telecommunications 
P y r o t e c h n i c  c o n t r o l  
Sc ience  
C a b l i n g  


















53 .1  





TABLE 9 7 . -  ORBITAL MISSION SUMMARY WEIGHT STATEMENT 
I t em Weight ,  l b  
Booster  c a p a b i l i t y  (3850) 
T o t a l  margin 352.4 
; r o s s  payload  
Payload b o o s t e r  a d a p t e r  
d e i g h t  t o  t rans-Venus  o r b i t  
Midcourse and o r b i t  i n s e r t i o n  
ACS p r o p e l l a n t  
d e i g h t  i n  Venus o r b i t  




A t t i t u d e  c o n t r o l  
S t r u c t u r e s  and mechanisms 
Assembly and i n t e g r a t i o n  
Propu 1 s i o  n 
Sc ience  
r o t a 1  f l i g h t  c a p s u l e  
Adapter  and c a n i s t e r  
S t r u c t u r e  
I n s u l a  t i o n  
B i o f i l  t e r  
E l e c t r i c a l  
S e p a r a t i o n  we igh t  
D e o r b i t  module 
Engine  ( l u n a r  o r b i t e r )  
Engine mount 
F u e l  t a n k s  (2 )  
O x i d i z e r  t a n k s  ( 2 )  
P r e s s u r e  t a n k s  ( 2 )  
Tank s u p p o r t s  
Valves and plumbing 
E l e c t r i c a l  
Base s t r u c t u r e  
R e  s i d u a  1 s 
D e o r b i t  p r o p e l l a n t  
Spin up ( s o l i d  p r o p e l l a n t )  
Despin  yo-yos 
Ent ry  we igh t  
Af t e rbody  
Base s t r u c t u r e  (mag s k i n - s t r )  
Ab l a  t o r  





















5 . 5  
2 .o  
2 . 8  
4 .5  
2 . 2  
16 .0  
16.8 
2 .o 
3 .5  
5 .7  
(972 .6)  
61 
80 .4  
1 .o 
3 .O 
(827 .2)  
31  .O 




TABLE 97.- ORBITAL MISSION SUMMARY WEIGHT STATEMENT - Continued 
I t em Weight ,  l b  
Af t e rbody  c h u t e  (10 f t  diam) 
Aeros he 11 
S t r u c t u r e  
A b l a t o r  
Spin system f i x e d  
Despin system f i x e d  
N u t a t i o n  damper 
Equipment i n  a e r o s h e l l  
Power 
B a t t e r y  (36.7 W-hr) 
T r a n s f e r  swi t ch  
Power c o n t r o l  
I s o l a t i o n  d i o d e s  
Wire and c o n n e c t o r s  
Suppor t s  
E n g i n e e r i n g  sens,ors 
I n s t r u m e n t  power s u p p l y  
M u l t i p l e x e r  encoder  
Cab l ing  
Suppor t s  
Sequence package 
Cab les  and s u p p o r t s  
C o n t r o l  package 
Cab l ing  
Suppor t s  
i r  photometers  (3 )  
uv photometers  ( 3 )  
Suppor t s  and c a b l e  
T e l e m e t r y  
Sequencer 
P y r o t e c h n i c s  
Sc ience  
S t r u c t u r e  
Weight on main c h u t e  
Weight on c h u t e  l e s s  probe 
Ba l loon  can l i d  




2 .6  
1 .o 




























16  .O 




1 8 . 2  
378  
TABLE 97.-  ORBITAL MISSION SUMMARY WEIGHT STATEMENT - Concluded 
I t e m  Weight ,  l b  
I n i t i a l  we igh t  on  b a l l o o n  ( 3 7 7  .I> 
S t r u c t u r e  21 
Res idua l  and va lved  H, 
Equipment 11 .o 
Hydrogen t a n k s  128 
1 .o 
Valves  and p i p i n g  16  .O 
BVS we igh t  a t  e q u i l i b r i u m  f l o t a t i o n  
S t r u c t u r e  
Ba l loon  system 
Power system 
Telecommunicat ions 
Sc ience  
Cab l ing  




32 .8  
45 .6  
1 . 6  
63.3 
10 .8  
379  
TABLE 98.- VENUS/MERCURY SWINGBY SUMMARY WEIGHT STATEMENT 
I t e m  ~ Weight,  l b  
Boos te r  c a p a b i l i t y  
T o t a l  margin 
Gross  payload 
Payload b o o s t e r  a d a p t o r  
Weight t o  t rans-Venus o r b i t  
Midcourse p r o p e l l a n t ,  75 m/sec 
ACS p r o p e l l a n t  
S p a c e c r a f t  bu rnou t  
Adap te r  and c a n i s t e r  
Weight t o  p l a n e t  
T o t a l  f l i g h t  c a p s u l e  
S t r u c t u r e  
I n s u l a t i o n  
Biof  il t e r  
E l e c t r i c a l  
S e p a r a t i o n  w e i g h t  
D e f l e c t i o n  module 
Engine 
Engine mount 
F u e l  t a n k s  ( 2 )  
P r e s s u r e  t a n k s  ( 2 )  
Tank s u p p o r t s  
Valves and plumbing 
E l e c  t r i c a  1 
Base s t r u c t u r e  
R e  s idua  1 s 
( i n c l  s e p a r a t i o n  d i sconne  
( i n c l  s e p a r a t i o n  b o l t s )  
D e f l e c t i o n  p r o p e l l a n t  (93 m/sec AV) 
ACS system 
Despin yo-yos 
C o n t r o l  package 
Af t e r b o d y  
E n t r y  w e i g h t  
Base s t r u c t u r e  (mag s k i n - s t r )  
Abla t o r  
r f  window 
A f t e r b o d y  c h u t e  (10 f t  diam) 
A e r o s h e l l  ( 7  f t  diam) 

























3 . 5  
3.1 
46.6 











Abla t o r  23 0 
3 80 
TABLE 98 .- VENUS/MERCURY SWINGBY SUMMARY WEIGHT STATEMENT - Conc luded  
I t e m  Weight ,  l b  
Despin system f i x e d  
N u t a t i o n  damper 
Equipment i n  a e r o s h e l l  
B a t t e r y  (W-hr) 
T r a n s f e r  s w i t c h  
Power c o n t r o l  
I s o l a t i o n  d i o d e s  
Wire and c o n n e c t o r s  
Suppor t s  
Eng inee r ing  s e n s o r s  
I n s t r u m e n t  power supp ly  
M u l t i p l e x e r  encoder  
Cab l ing  
Suppor t s  
Sequence package 
Cab les  and s u p p o r t s  
C o n t r o 1 pa c lca g e 
Cab l ing  
Suppor t s  
Weight on  main c h u t e  
Power 
Te leme t ry  
Sequencer  
P y r o t e c h n i c s  
S t r u c t u r e  
Subsonic  probe 
Weight on c h u t e  l e s s  probe 
Ba l loon  can  l i d  
Main c h u t e  and can  ( 3 2  f t  diam) 
I n i t i a l  we igh t  on b a l l o o n  
S t r u c t u r e  ( i n f l a t i o n  t r u s s )  
Hydro g e n t a nlcs 
R e s i d u a l  and va lved  H, 
Valves  and p i p i n g  
Equipment 
BVS we igh t  a t  e q u i l i b r i u m  f l o t a t i o n  
S t r u c t u r e  
Ba l loon  sys tem 
Power sys tem 
Telecommunications 
P y r o t e c h n i c  c o n t r o l  
Sc ience  
Cab l ing  














1 2 . 9  
9 . 6  
.5 
16.9 











1 8 . 2  
(385 .7)  
2 1  
128 
1 .o 






5 2 . 1  
1.6 




TABLE 99.- BVS WEIGHT SUMMARY FOR FLYBY MISSION 
I t e m  Weight,  l b  
Gondola and c o n t e n t s  
S t r u c t u r e  
B a l l o o n  c a n i s t e r  and c o n t r o l s  
Power 
Telecommunications 
P y r o t e c h n i c  c o n t r o l  
Sc ience  
S c i e n c e  s u p p o r t  
C a b l i n g  
Thermal c o n t r o l  




5 3 . 1  
1 . 6  
58 .O 
' 5 . 3  
10.8 
1 .o 
B a l l o o n  and gas 
Ba l loon  
G a  s 
I n f l a t i o n  module 
S t r u c t u r e  
Hydro g e n ta  nk s 
R e s i d u a l  and va lved  g a s  
Va lves  and p i p i n g  
Equ i pme n t 
P a r a c h u t e  and m i s c e l l a n e o u s  
Ba l loon  can l i d  
Main c h u t e  and c o n t a i n e r  
25.1 
1 5 . 6  
9.5 
177  .O 
2 1  .o 
128 .O 
1 .o 




18 .2  
1 T o t a l  BVS 405.3 I 
3 82 
TABLE 100.-  BVS WEIGHT SUMMARY FOR ORBITAL MISSION 
I t em Weight ,  lb 
Gondola and c o n t e n t s  
F S t r u c t u r e  
Ba l loon  c a n i s t e r  and c o n t r o l s  
Power 
Te 1 e c ommu n i c a t i o  n s 
P y r o t e c h n i c  c o n t r o l  
Sc ience  
Sc ience  s u p p o r t  
C a b l i n g  
Margin 
Ba l loon  and g a s  
Ba l loon  
G a  s 
I n f l a t i o n  module 
S t r u c t u r e  
Hydrogen t a n k s  
R e s i d u a l  and va lved  g a s  
Valves  and p i p i n g  
Equipment 
Pa rachu te  and m i s c e l l a n e o u s  
Ba l loon  can l i d  
Main c h u t e  and c o n t a i n e r  
T o t a l  BVS 
16.2 
4 .2  
32.8 
45 .6  
1 . 6  
58 .O 













2 5 . 1  
177 .O 
26 .1  
403.2  
3 83 
TABLE 101.- BVS WEIGHT SUMMARY FOR VENUS/MERCURY SWINGBY MISSION 
~- - __ - ~~ 
I I t em - Weight,  l b  
~~~~~~~ 
Gondola and c o n t e n t s  
S t r u c t u r e  
Ba l loon  c a n i s t e r  and c o n t r o l s  
Pow e r 
Telecommunications 
P y r o t e c h n i c  c o n t r o l  
Sc ience  
Sc ience  s u p p o r t  
C a b l i n g  
Thermal c o n t r o l  
Ba l loon  and g a s  
Ba 11 oon 
Ga s 
I n f l a t i o n  module 
S t r u c t u r e  
Hydro g e n t a n k s  
R e s i d u a l  and va lved  gas 
Va lves  and p i p i n g  
E qu i pme n t 
P a r a c h u t e  and m i s c e l l a n e o u s  
Ba l loon  can  l i d  
Main c h u t e  and c o n t a i n e r  
T o t a l  BVS 
1 6 . 2  
4 . 2  
3 4 . 4  
5 2 . 1  
1 . 6  
58 .O 
5 .3  
10 .8  
1 .o 
1 5 . 6  
9.5 
2 1  .o 
1 2 8  ,O 
1 .o 
1 6  .O 
11 .o 
7 . 9  
1 8 . 2  
1 8 3 . 6  
2 5 . 1  
177  .O 
2 6 . 1  
411 .8  
3 84 
TABLE 102.- BVS WEIGHT DERIVATION FOR FLYBY M I S S I O N  
Weight ,  l b  
Gondola s t r u c t u r e  
Upper f l o o r  
Magnesium s k i n  s t r i n g e r s  based  on  
0 .020- in .  s k i n ,  3.85 sq f t  a t  0 . 6  l b / s q  f t  
Lower f l o o r  
Outer  s k i n  and s t i f f e n e r s  
Magnesium s k i n  0 ,020  i n . ,  1700 sq i n .  = 
Magnesium s t i f f e n e r s  0 .020- in .  channe l s  
16  i n .  long ,  20 a t  0 .05  e a  = 
Magnesium s k i n  0.020 i n . ,  900 sq i n .  
Upper o u t e r  0.040 sq i n . ,  31 i n ,  diam = 
Mid o u t e r  0 ,120  sq i n . ,  31 i n .  diam = 
Lower o u t e r  0 ,060  sq i n . ,  31 i n .  diam = 
Upper i n s i d e  0.040 sq i n . ,  15 i n .  diam = 
Mid i n s i d e  0 ,120  sq i n . ,  15  i n .  diam = 
Lower i n s i d e  0.100 sq i n . ,  15 i n ,  diam = 
Bal loon  can ,  lower p o r t i o n  
I n n e r  s k i n  
Chord a n g l e s ,  aluminum 
Sonde s u p p o r t s ,  magnesium 
Mag ne s i  um 
L i p  e x t r u s i o n  0 .4  sq i n . ,  13% i n .  diam = 
Cyl inde r  0.032 i n , ,  8% i n .  h i g h ,  13 i n .  
Bottom 0.032 i n . ,  13 i n .  diam 
Weld and a t t a c h m e n t  
i n f l a t i o n  module, 2 a t  0 .6  l b  
diam = 
S e p a r a t i o n  b o l t s ,  gondola  t o  
Misc hardware 
T o t a l  s t r u c t u r e  
Ba l loon  sys tem 
Ba l loon  a t t achmen t  
P i p i n g ,  v a l v e s  
D i f f u s e r ,  s t a i n l e s s  s t e e l  
Shutof f  v a l v e  . 
P i p i n g  
Suppor t s  
P r e s s u r e  s w i t c h  
Solenoid  valve 
P i p i n g  
Ba l loon  c o n t r o l  












1 . 6  
1 .6  
3 . 2  
1.3 












1 . 7  
0.5  
1 .o 
0 .2  
T o t a l  Ba l loon  System 4 .2  
3 85 
TABLE 102.- BVS WEIGHT DERIVATION FOR FLYBY MISSION - Continued 
- ~ _ _ _ _ ~ _ _ ~ _ _ ~  ~ 
Weight,  l b  
Thermal c o n t r o l  
Phase change material f o r  S-band t r a n s m i t t e r  
T o t a l  t he rma l  c o n t r o l  
Py ro techn ic  c o n t r o l  
C a p a c i t o r  assembly 
Sa fe l a rm SW 
Squib f i r e  SW 
Packaging and s u p p o r t s  
T o t a l  p y r o t e c h n i c  c o n t r o l  
Sc ience  
Radar a l t  ( e l e c )  
Radar a l t  a r r a y  
B i o s c i e n c e  
Tr  i a x  
? r e s  su re  
Temperature ,  2 a t  0.65 l b  
L i g h t  b a c k s c a t t e r  
S o l a r  a s p e c t  
Water vapor  
V i s u a l  photometer  
Gas chromatograph 
Sc ience  s u p p o r t s  
Sc ience  i n s t r u m e n t s  power s u p p l y  
Sondes,  2 a t  5.0 
T o t a l  s c i e n c e  
C a b l i n g  
Based upon d e t a i l  e s t i m a t e  o f  w i r e  r u n s  
and c o n n e c t o r s  u s i n g  H - f i l m  w i r e  
w i t h  a minimum of  No. 26 gage and 
mic rodo t  c o n n e c t o r s  
T o t a l  c a b l i n g  












1 . 5  
1 . 5  
.8 
2 .o 










TABLE 102.- BVS WEIGHT DERIVATION FOR FLYBY MISSION - Continued 
I t e m  Weight ,  l b  
Power system 
50  h r  s i l v e r - z i n c ,  13 A-hr 20.7 
(based upon 4OO-W-hr a t  30 V) 
I s o l a t i o n  d i o d e s  
M i  s c  e 1 l a  neou s equ ipme n t 
Undervol tage  s e n s o r  
Charge c o n t r o l  
Power c o n t r o l  
Power t r a n s f e r  
Package and c a b l e  
Suppor ts  
T o t a l  power system 
Telecommunicat ions 
Te leme t r y  
M u l t i p l e x e r  encoder  
Memory 
Transducer  power s u p p l y  
Data  hand l i n g  
Data h a n d l i n g  programer 
Drop sonde sys tem 
Sonde r e c  and d a t a  assembly  
Sonde an tenna  
Command d e t e c t o r  
Command decode r  
S-band r e c  
Modulator  e x c i t e r  
Power a m p l i f i e r  
Antenna 
D i p l e x e r  
Command 
S-band 
Suppor t s  




1 .o 5 .O 
1 .o 











7 .8  
. 6  
.5 
3 .5  
1 .o  
T o t a l  t e lecommunica t ions  53 .1  
387 
TABLE 102.- BVS WEIGHT DERIVATION FOR FLYBY MISSION - Continued 
I t em Weight,  l b  
balloon and g a s  
Ba l loon  enve lope ,  1: . 3 - m i l  Mylar ,  
M i s c e l l a n e o u s  p a r t s  = 
18 f t  diam = 
T o t a l  ba loon  
Gas i n  b a l o o n  (hydrogen) 
3037 cu f t  a t  618.4 m i l l i b a r s  
and 300'K 
T o t a l  b a l l o o n  and g a s  
: n f l a t i o n  module s t r u c t u r e  
S h e l l ,  aluminum monocoque w a f f l e  
3 1  i n .  diam, 13.5 i n .  h i g h ,  0.052 e q u i v a l e n t  
t h i c k n e s s  
Longerons,  4 a t  0 .2  l b  
Upper and lower frames,  aluminum 
S e p a r a t i o n  b o l t s ,  4 a t  0 .6  l b  
Tank s u p p o r t  t r u s s e s  
Upper t u b e s ,  3 / 4  x 0.035-in.  T i ,  8 a t  0 .1  l b  
Diagona l  t u b e s ,  1-1/8 x 0.035 T i ,  8 a t  0.25 l b  
Tube end f i t t i n g s ,  t i t a n i u m  
C e n t e r  f i t t i n g  and channe l ,  4 a t  0 . 4  l b  
M i s c e l l a n e o u s  
T o t a l  s t r u c t u r e  
lyd r og e n t a n k s  
Glass wound ove r  aluminum o r  
s t a i n l e s s  s t e e l  l i n e r s  
Glass d e n s i t y  0.09 l b / c u  i n .  
Impregnated 7 0 % w i t h  r e s i n  
o f  d e n s i t y . 0 . 0 7  t o  0.08 l b / c u  i n ,  
Thus, n e t  d e n s i t y  0 ,075  l b / c u  i n ,  
Glass f i l a m e n t  s t r e n g t h  480 000 p s i  
T r a n s l a t i o n  e f f i c i e n c y ,  80% 
C y l i n d e r  d i r e c t i o n a l  f a c t o r ,  66.6% 
Thus e q u i v a l e n t  s t r e n g t h s  480 000 x 0.7 x 
0 .8  x 0.666 = 180 000 p s i  
10.6 
5 .O 
15 .6  
9.5 
7 .5  
.8 
2 .o 







2 1  .o 
3 88 
TABLE 102.-  BVS WEIGHT DERIVATION FOR FLYBY MISSION - Cont inued  
I tem Weight ,  l b  
Winding we i g h  t 
2 PV D 
P = P r e s s u r e  x s a f e t y  f a c t o r y  
4500 x 2 .2  = 9 ,900  p s i  
V = Volume c u  i n .  
p = N e t  composi te  d e n s i t y  = 0,075 l b / c u  i n .  
0 = Equipment s t r e n g t h  = 180 000 p s i  
Weight composi te  = 
Weight = 
0 
2 x 9900 x 3330 x ,075 = 27 .5  
180 000 
L i n e r  
M i s c e l l a n e o u s  f i t t i n g s ,  e t c .  
T o t a l  t a n k s  4 a t  32.0 l b  
Res idua l  and v a l v e d  g a s  
Valved g a s  10% of  9 .5  = 
Residua 1 
T o t a l  r e s i d u a l  and 
v a l v e d  g a s  
Valves  and plumbing 
P i p i n g  518 x 0 .083- in .  s t e e l ,  
150 i n c h e s  a t  0.04  l b / i n .  
F i t t i n g s  (5)  elbows ( 3 ) )  t ee s  
F i l t e r  
Tubing  c u t t e r  
Main s t a r t  v a l v e  
I n i t i a l  s t a r t  v a l v e  
F i l l  sys tem components 
Suppor t s  and m i s c e l l a n e o u s  













. 3  
1 . 6  
3 . 4  
1 6 . (  
389 
TABLE 102.- BVS WEIGHT DERIVATION FOR E'LYBY MISSION - Concluded 
Item Weight ,  l b  
Sq u i pme n t 
Sequencer 
P y r o c o n t r o l  package 
P y r o c a b l i n g  
M i s c e l l a n e o u s  
T o t a l  equipment 
T o t a l  i n f l a t i o n  module 
? a r a c h u t e  and m i s c e l l a n e o u s  
Ba l loon  can  l i d  
P l a t e  0 , 0 3 2 - i n ,  magnesium 
Clamp and mechanism 
L i p  e x t r u s i o n ,  magnesium 
Clamp 
F ixed  b o l t s  
E x p l o s i v e  bo1 t s 
M i s c e l l a n e o u s  
Ba l loon  t i e  c u t t e r  
C a p a c i t o r  
Sa fe  arm 
Squib f i r e  
T i m e r  
P y r o c u t t e r  
M i  s c e  1 laneous  
T o t a l  can l i d  
Main P a r a c h u t e  
C l o t h  and l i n e s ,  32 f t  diam 
Can and mor ta r  
T o t a l  main c h u t e  
A f t e r b o d y  p a r a c h u t e  
C l o t h  and l i n e s  l o f t  
























T o t a l  a f t e r b o d y  c h u t e  






29 .1  
3 90 
TABLE 103.-  BVS WEIGHT DERIVATION FOR ORBITAL MISSION 
I t e m  Weight ,  l b  
Gondola s t r u c t u r e  
Upper f l o o r  
Magnesium s k i n  s t r i n g e r s  based  on  
0 . 0 2 0 - i n .  s k i n ,  3 .85 sq f t  a t  0 . 6  l b / s q  ft: 
Lower f l o o r  same a s  upper  
Ou te r  s k i n  and s t i f f e n e r s  
Magnesium s k i n ,  0 .020 i n . ,  1700 sq i n .  = 
Magnesium s t i f f e n e r s ,  0 .020- in .  channe l s  
16  i n .  l ong ,  20 a t  0 .05  ea  = 
Magnesium s k i n ,  0 .020 i n . ,  900 sq i n .  
Upper o u t e r ,  0.040 sq i n . ,  31 i n .  diam = 
Mid o u t e r ,  0 ,120  sq  i n . ,  31 i n .  diam = 
Lower o u t e r ,  0.060 sq i n . ,  3 1  i n .  diam = 
Upper i n s i d e ,  0.040 sq i n . ,  15 i n .  diam = 
Mid i n s i d e  0,120 sq i n . ,  15 i n .  diam = 
Lower i n s i d e ,  0.100 sq i n . ,  15 i n .  diam = 
Bal loon  can ,  lower p o r t i o n  
I n n e r  s k i n  
Chord a n g l e s ,  aluminum . 
Sonde s u p p o r t s ,  magnesium 
Magne s ium 
L i p  e x t r u s i o n ,  0.4  sq i n . ,  13% i n .  diam = 
C y l i n d e r ,  0 ,032  i n . ,  8% i n .  h i g h ,  13 i n .  
Bottom, 0 ,032  i n . ,  13 i n .  diam 
Weld and a t t a c h m e n t  
diam = 
S e p a r a t i o n  b o l t s ,  gondola  t o  
Misce l l aneous  hardware  
i n f l a t i o n  module, 2 a t  0 . 6  l b .  
1 . 6  
1 . 6  
3 .2  
2 .2  
1 .o 
1 .3  
3 . 5  
.4 
1 . 2  
. 6  
.2 








1 . 2  
0.5 
T o t a l  s t r u c t u r e  16.2 
Ba l loon  system 
Ba l loon  a t t a c h m e n t  
P i p i n g ,  v a l v e s  
D i f f u s e r ,  s t a i n l e s s  s t e e l  
Shutof f  valve 
P i p i n g  
Sup po r t s 
P r e s s u r e  s w i t c h  
Solenoid  valve 
P i p i n g  







0 .5  
1 .o 
0 . 2  
1 . 7  
T o t a l  b a l l o o n  system 4 .2  
3 9 1  
TABLE 103.- BVS WEIGHT DERIVATION FOR ORBITAL MISSION - Continued 
Weight,  l b  I t e m  
I Power system 
S o l a r  p a n e l s ,  11 .5  sq f t  a t  0.5 l b / s q  f t  = 
5 0  h r  s i l v e r - z i n c ,  13 A-hr 
I s o l a t i o n  d i o d e s  
Misce l l aneous  equipment 
Undervo l t age  s e n s o r  
Power c o n t r o l  
Pow e r t r a n s f e r 
A u x i  1 ia r  y equipment 
Package and c a b l e  
(based on 400  W-hr a t  3 0  V) 
I Charge c o n t r o l  








1.5- 9 .5  
T o t a l  power system 32 .8  
Telecommunications 
Teleme t r y  
M u l t i p l e x e r  encoder  
Memory 
Transduce r  power supp ly  
Data hand 1 i n g  
Data h a n d l i n g  programer 
Drop sonde system 
Sonde rec .  and d a t a  assembly 
Sonde a n t e n n a  
Command r e c e i v e r  
Command decode r  
P o s i t i o n  d e t e r m i n a t i o n  d a t a  u n i t  
( l-way d o p p l e r  r e c  .) 
Transmiss ion  
UHF 2 0  W t r a n s m i t t e r  
Antenna 


















T o t a l  t e l e c o m u n i d a t i o n s  4 5 . 6  
Sc ience  
Radar a l t  ( e l e c t . )  8 .O 
Radar a l t  a r r a y  4.5 
Bio s c i e n c e  10 .o 
T r i a x  1.5 
P r e s s u r e  1 .o 
Temperature ,  2 a t  0 .65  l b  1.3 
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TABLE 103,-  BVS WEIGHT DERIVATION FOR ORBITAL MISSION - Continued 
I t e m  Weight,  l b  
L i g h t  b a c k s c a t t e r  
S o l a r  a s p e c t  
Water vapor  
V i s u a  1 photometer  
Gas chromatograph 
Sc ience  s u p p o r t s  
Science i n s t r u m e n t  power supp ly  
Sondes, 2 a t  5.0 l b  
T o t a l  s c i e n c e  
Zabl ing 
Based on d e t a i l  e s t i m a t e  o f  w i r e  r u n s  
and c o n n e c t o r s  u s i n g  H-film w i r e  
w i t h  a minimum of No. 26 gage and 
microdot  c o n n e c t o r s  
T o t a l  c a b l i n g  
Margin 
T o t a l  gondola 
Bal loon and g a s  
Ba l loon  enve lope  - 1 . 3 - m i l  Mylar,  
Misce l l aneous  p a r t s  = 
18 f t  diam = 
To t a l  b a l l o o n  
Gas i n  b a l l o o n  (hydrogen) 
3037 cu f t  a t  618.4 mb and 300'K 
T o t a l  b a l l o o n  and g a s  
I n f l a t i o n  module s t r u c t u r e  
S h e l l ,  aluminum monocoque w a f f l e ,  
3 1  i n .  diam, 13.5 i n .  h i g h ,  0 .052- in .  
e q u i v a l e n t  t h i c k n e s s  
Longerons,  4 a t  0.2 l b  
Upper and lower f r ames ,  aluminum 
S e p a r a t i o n  b o l t s  4 a t  0.6 l b  
Tank s u p p o r t  t r u s s e s  
Upper t u b e s ,  3 / 4  x 0,035 i n . - T i ,  8 a t  0 .1  l b  






















Diagonal  t u b e s ,  1-1/8 x 0.035-in.  T i ,  8 a t  0.25 l b  2 .o 
Tube end f i t t i n g s ,  t i t a n i u m  3 .O 
C e n t e r  f i t t i n g  and c h a n n e l ,  4 a t  0.4 l b  1.6 
M i s c e l l a n e o u s  .9 
T o t a l  s t r u c t u r e  2 1  .o 
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TABLE 103.- BVS WEIGHT DERIVATION FOR ORBITAL MISSION - Cont inued  
I t e m  Weight ,  l b  
Hydrogen t a n k s  
G l a s s  wound o v e r  aluminum o r  
s t a i n l e s s  s t e e l  l i n e r s  
G l a s s  d e n s i t y ,  0 .09 l b / c u  i n .  
Impregnated 70% w i t h  r e s i n  
of d e n s i t y  0.07 t o  0.08 l b / c u  i n .  
Thus,  n e t  d e n s i t y  0.075 l b / c u  i n .  
G l a s s  f i l a m e n t  s t r e n g t h  480 000 p s i  
T r a n s l a t i o n  e f f i c i e n c y  80% 
C y l i n d e r  d i r e c t i o n a l  f a c t o r  66.6% 
Thus e q u i v a l e n t  s t r e n g t h s  480 000 x 0.7 x 
' 0.8 x 0.666 = 180 000 p s i  
Winding we igh t  
2 PV 0 Weight = 
CY 
P = P r e s s u r e  x s a f e t y  f a c t o r  
V = Volume cu i n .  
p = Net composi te  d e n s i t y  = ,075 l b / c u  i n .  
CY = Equipment s t r e n g t h  = 234 000 p s i  
Weight composi te  = 
4500 x 2.2 = 9.900 p s i  
27.5 2 x 9900 x 3330 x 0.075 - 180 000 
L i n e r  




T o t a l  t a n k s ,  4 a t  32.0 l b  = 128 
R e s i d u a l  and va lved  g a s  
Valved g a s ,  10% o f  9 .5  = .95 
R e s i d u a l  .05 
T o t a l  r e s i d u a l  and v a l v e d  g a s  1 .o 
I I Valves  and plumbing 
P i p i n g ,  518 x 0.083- in .  s t ee l ,  
F i t t i n g s  ( 5 ) ,  Elbows ( 3 ) ,  t e e s  
F i l t e r  
Tubing c u t t e r  
Main s t a r t  v a l v e  
150 i n .  a t  0 .04 l b / i n .  6 .0  





TABLE 103.- BVS WEIGHT DERIVATION FOR ORBITAL MISSION - Concluded 
Item Weight ,  l b  
I n i t i a l  s t a r t  v a l v e  .3 
F i l l  system components 1 . 6  
Suppor t s  and m i s c e l l a n e o u s  3 .4  
T o t a l  v a l v e s  and p i p i n g  
Cquipme n t 
Sequencer 
P y r o c o n t r o l  package 
P y r o c a b l i n g  
M i  s c  e 1 1 a ne o u s 
T o t a l  equipment 
T o t a l  i n f l a t i o n  module 
Pa rachu te  and m i s c e l l a n e o u s  
Ba l loon  can l i d  
L i p  e x t r u s i o n ,  magnesium 
P l a t e ,  0 .032- in . ,  magnesium 
Clamp and mechanism 
Clamp 
F ixed  b o l t s  
E x p l o s i v e  b o l t s  
M i s c e l l a n e o u s  
Ba l loon  t i e  c u t t e r  
C a p a c i t o r  
Sa fe  arm 
Squib f i r e  
Timer 
P y r o c u t t e r  
Misce 1 l aneous  
T o t a l  can  l i d  
Main p a r a c h u t e  
C l o t h  and l i n e s ,  32 f t  diam 
Can and m o r t a r  , 
T o t a l  main c h u t e  
Af t e rbody  p a r a c h u t e  
C l o t h  and l i n e s  l o f t  
Can and mor ta r  
3 .O 
6.3 















1 . 9  
T o t a l  a f t e r b o d y  c h u t e  





16  .O 
11 .o 
1 7 7  .a 





TABLE 104.-  BVS WEIGHT DERIVATION FOR VENUS/MERCURY SWINGBY MISSION 
I tem Weight ,  l b  
>ondola  s t r u c t u r e  
Upper f l o o r  
Magnesium s k i n  s t r i n g e r s  based  o n  
0 .020- in .  s k i n ,  3.85 sq f t  a t  0.6 Ib / sq  f t  
Lower f l o o r  same as  upper  
Outer  s k i n  and s t i f f e n e r s  
Magnesium s k i n ,  0.020 i n . ,  1700 sq  i n .  = 
Magnesium s t i f f e n e r s ,  0 .020- in .  c h a n n e l s  
1 6  i n .  l ong ,  20 a t  0.05 l b  e a  = 
Magnesium s k i n ,  0.020 i n . ,  900 s q  i n .  
Upper ou te r ,  0,040 s q  i n . ,  31 i n .  diarn = 
Mid o u t e r ,  0.120 sq i n . ,  3 1  i n .  diam = 
Lower o u t e r ,  0 ,060  sq i n . ,  31 i n .  diam = 
Upper i n s i d e ,  0,040 sq  i n , ,  15 i n .  diam = 
Mid i n s i d e ,  0.120 sq i n . ,  1 5  i n .  diam = 
Lower i n s i d e ,  0,100 sq i n , ,  15 i n .  diam = 
Bal loon  can ,  lower p o r t i o n  
I n n e r  s k i n  
Chord a n g l e s ,  aluminum 
Sonde s u p p o r t s ,  magnesium 
Magnesium 
L i p  e x t r u s i o n ,  0.4 sq i n . ,  13% i n .  diam = 
C y l i n d e r ,  0,032 i n . ,  8% i n .  h i g h ,  13 i n .  
Bottom, 0.032 i n . ,  13 i n .  diam 
Weld and a t t achmen t  
i n f l a t i o n  module, 2 a t  0 .6  l b  
diam 
S e p a r a t i o n  b o l t s ,  gondola  t o  
M i s c e l l a n e o u s  hardware 
T o t a l  s t r u c t u r e  
B a l l o o n  system 
Ba l loon  a t t achmen t  
P i p i n g ,  v a l v e s  
D i f f u s e r ,  s t a i n l e s s  s t e e l  
Shu to f f  v a l v e  
P i p i n g  
Suppor t s  
P r e s s u r e  s w i t c h  
Solenoid  v a l v e  
P i p i n g  
Ba l loon  c o n t r o l  









1 . 6  
1 . 6  
3 .2  
1.3 
















0 .5  
1 .o 
0.2 
1 . 7  
4.2 
396 
TABLE 104.-  BVS WEIGHT DERIVATION FOR VENUS/MERCURY SWINGBY MISSION - Cont inued  
I t e m  Weight ,  l b  
~ ~~~~ 
Power sys tem 
Thermal  c o n t r o l  
Phase change m a t e r i a l  f o r  S-band t r a n s m i t t e r  
T o t a l  thermal c o n t r o l  
P y r o t e c h n i c  c o n t r o l  
C a p a c i t o r  as  semb l y  
Squib  f i r e  SW 
Pa c kag  i ng and s up por  t s 
~ Safe l a rm SW 
T o t a l  p y r o t e c h n i c  c o n t r o l  
50-hr  s i l v e r - z i n c  b a t t e r y  
I s o l a t i o n  d i o d e s  
Misce l l aneous  equipment 
Power c o n t r o l  
Power t r a n s f e r  
Package and c a b l e  
Suppor t s  
T o t a l  power system 
Telecommunications 
Te leme t ry  
M u l t i p l e x e r  encoder  
Memory 
Transduce r  power s u p p l y  
Data  h a n d l i n g  programer 
Sonde r e c .  and d a t a  assembly  
Data h a n d l i n g  
Drop sonde sys tem 
’ Sonde an tenna  
Command 
Command d e t e c t o r  
Command decoder  
S-band r e c .  
Modula tor  e x c i t e r  
Power a m p l i f i e r  
Antenna 
D i p l e x e r  
S-band 
Suppor t s  




















3 .5  




. 3  
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TABLE 1 0 4 . -  BVS WEIGHT DERIVATION FOR VENUS/MERCURY SWINGBY MISSION - Continued 
I t em Weight,  l b  
~~ 
Science 
Radar a l t .  ( e l e c t . )  
Radar a l t .  a r r a y  
B iosc i ence  
T r  iax 
P r e s  s u r e  
Temperature,  2 a t  0.65  l b  
L i g h t  b a c k s c a t t e r  
S o l a r  a s p e c t  
Water vapor  
V i s u a l  photometer 
Gas chromatograph 
Science s u p p o r t s  
Science i n s t r u m e n t s  power 
Sondes, 2 a t  5.0 l b  
8 .O 
4 . 5  
10.0 
1 . 5  
1 .o 
1.3 
1 . 5  
1 . 5  
.8 
2 .O 
1 6  .O 
4 . 7  
.5 
10 .o 
T o t a l  s c i e n c e  63.3 
Cab 1 i n g  
Based upon d e t a i l  e s t i m a t e  o f  w i r e  r u n s  
and c o n n e c t o r s  u s i n g  H-film w i r e  
w i t h  a minimum of No. 26 gage and 
microdot  c o n n e c t o r s  
T o t a l  c a b l i n g  
T o t a l  gondola 
Ba l loon  and g a s  
Ba l loon  envelope,  1.3-mil Mylar,  18 f t  diam = 10 .6  
Misce l l aneous  p a r t s  = 5 .O 
T o t a l  b a l l o o n  15 .6  
Gas i n  b a l l o o n  (hydrogen) 
3037 cu f t  a t  618 .4  mb and 300°K 9.5  
10.8 
1 7 7 . 1  
T o t a l  b a l l o o n  and g a s  25 .1  I 
I n f l a t i o n  module s t r u c t u r e  
I 
S h e l l ,  aluminum monocoque w a f f l e  
31 i n .  diam, 13 .5  i n .  h i g h ,  0.052 eq 
t h  i clcn e s s 7 . 5  
Longerons,  4 a t  0 . 2  l b  .8 
Upper and lower f r ames ,  aluminum 2 .o  
S e p a r a t i o n  b o l t s ,  4 a t  0 . 6  l b  2.4 
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TABLE 1 0 4 , -  BVS WEIGHT DERIVATION FOR VENUS/MERCURY SWINGBY MISSION - Continued 
-~ - 
I t em Weight,  l b  
Tank s u p p o r t  t r u s s e s  
Upper t u b e s ,  3 /4  x 0 .035- in .  T i ,  8 a t  0 . 1  l b  .8 
Diagonal  t u b e s ,  1-1/8 x 0.035-in.  T i ,  8 a t  0 .25 l b  2 .o 
Tube end f i t t i n g s ,  t i t a n i u m  3 .o 
Cen te r  f i t t i n g  and channe l ,  4 a t  0 . 4  l b  1 . 6  
M i s c e l l a n e o u s  .9 
T o t a l  s t r u c t u r e  
3ydr og e n t a nks 
Glass wound o v e r  aluminum o r  
s t a i n l e s s  s t e e l  l i n e r s  
Glass d e n s i t y  0.09 l b / c u  i n .  
Impregnated 70% w i t h  r e s i n  
of d e n s i t y  0.07 t o  0.08 l b / c u  i n .  
Thus,  n e t  d e n s i t y  0 ,075  l b f c u  i n ,  
Glass  f i l a m e n t  s t r e n g t h  480 000 p s i  
T r a n s l a t i o n  e f f i c i e n c y  80% 
C y l i n d e r  d i r e c t i o n a l  f a c t o r  66.6% 
Thus,  e q u i v a l e n t  s t r e n g t h s  480 000 x 0.7 x 
Winding we igh t  
0 . 8  x 0 , 6 6 6  = 180 000 p s i  
- 5 PV j3 
Weight = 
0 
P = P r e s s u r e  x s a f e t y  f a c t o r y  
V = Volume cu i n .  
p = Net composi te  d e n s i t y  = 0 ,075  l b / c u  i n .  
u = E q u i v a l e n t  s t r e n g t h  = 180 000 p s i  
2 x 9900 x 3330 x .075 - 
Weight composi te  = 180 000 
L i n e r  
M i s c e l l a n e o u s  f i t t i n g s  
k500 x 2.2 = 9.900 p s i  
- 
T o t a l  t a n k s ,  4 a t  32.0 l b  = 
Res idua l  and v a l v e d  g a s  
Valved g a s  10% o f  9.5 l b  = 
Residua 1 
T o t a l  r e s i d u a l  and va lved  gas 
27.5 
1.8 
2 . 7  







TABLE 104 .- BVS WEIGHT DERIVATION FOR 'VENUS/MERCURY SWINGBY MISSION - Continued 
I t em Weight,  l b  
Valves and plumbing 
~~~ ~ ~~~ 
P i p i n g ,  5/8 x 0.083-in,  s t e e l ,  
150 i n .  a t  0.04 l b / i n .  6 .O 
F i t t i n g s  (5 ) ,  elbows ( 3 ) ,  t e e s  1 .7  
F i l t e r  .9 
Tubing c u t t e r  1 .o 
Main s t a r t  v a l v e  1.1 
I n i t i a l  s t a r t  v a l v e  .3 
F i l l  system components 1 . 6  
Supports  and m i s c e l l a n e o u s  3 .4  
T o t a l  v a l v e s  and plumbing 
Equipment 
Sequencer 
P y r o c o n t r o l  package 
Pyroca b l  i ng 
M i s c e l l a n e o u s  
T o t a l  equipment 
T o t a l  i n f l a t i o n  module 
P a r a c h u t e  and m i s c e l l a n e o u s  
Ba l loon  can  l i d  
L i p ,  e x t r u s i o n ,  magnesium 
P l a t e ,  0.032 i n .  magnesium 
Clamp and mechanism 
Clamp 
Fixed b o l t s  
Exp b o l t s  
Misce 1 laneou s 
Ba l loon  t i e  c u t t e r  
C a  pa c i t o  r 
Sa fe  arm 
Squib f i r e  
Timer . 
Pyro c u t t e r  
M i  s c e  1 laneou s 
T o t a l  can l i d  
Main p a r a c h u t e  
C l o t h  and l i n e s ,  32 f t  diam 
Can and mor ta r  



























TABLE 104,- BVS WEIGHT DERIVATION FOR VENIJS/MERCURY SWINGBY MISSION - Concluded 
I t em Weight ,  l b  
. .  
Afte rbody  pa rachu te  
C l o t h  and l i n e s  l o f t  2 ,o 
Can and mor ta r  1 .o 
T o t a l  a f t e r b o d y  c h u t e  3 .O 










































































































GUIDANCE AND CQNTROL 
The m i s s i o n  sequencing  r equ i r emen t s  a r e  n e a r l y  i d e n t i c a l  f o r  
t h e  t h r e e  m i s s i o n s .  Two sequence r s ,  one i n  t h e  a e r o s h e l l  and one 
i n  t h e  BVS, a r e  r e q u i r e d  w i t h  a s i m i l a r  number of  d i s c r e t e  o u t p u t s  
f o r  t h e  t h r e e  m i s s i o n s  ( w i t h  d i f f e r e n t  i n t e r v a l s  r e q u i r e d  f o r  t h e  
a e r o s h e l l  sequencer  because  o f  t h e  v a r i a t i o n  i n  c o a s t  pe r iod  frsm 
10 t o  68 h r ) ,  
Spin s t a b i l i z a t i o n  i s  used f o r  c o n t r o l  d u r i n g  c o a s t  f o r  t h e  
o r b i t a l  and f l y b y  m i s s i o n s .  For  t h e  Venus/Mercury mis s ion  an  qc-  
t i v e  system i s  r e q u i r e d  because of  t h e  r e o r i e n t a t i o n  r e q u i r e d  f o r  
e n t r y  a f t e r  t h e  d e f l e c t i o n  maneuver. . 
A e r o s h e l l  Sequeocer 
The a e r o s h e l l  sequencer  p rov ides  d i s c r e t e s  t o  c o n t r o l  paver  
t r a n s f e r ,  t o  c o n t r o l  o p e r a t i n g  mode, t o  c o n t r o l  d a t a  fo rma t s ,  and 
t o  i n i t i a t e  pyro arm, f i r e ,  and s a f e  f u n c t i o n s  from b e f o r e  space-  
c r a f t  s e p a r a t i o n  t o  s e p a r a t i o n  o f  tho BVS, The performance re- 
qu i r emen t s  are l i s t e d  i n  t a b l e  106. 
TABLE 106.-  AEROSHELL SEQUENCER REQUIREMENTS (TYPICAL) 
. _ _  
1. Sequencer 
S e p a r a t i o n  . . . . . . .  18 d i s c r e t e s  
P r e e n t r y  . . . . . . . .  4 d i s c r e t e s  
P o s t e n t r y  . . . . . . .  8 d i s c r e t e s  
2 .  Maximum t iming  i n t e r v a l .  . .  1 2  h r  
3 .  I n f l i g h t  reprograming 
AV burn t ime . . . . . .  100 t o  234 s e c  
D e o r b i t  c o a s t  t ime , . . 8 t o  12 h r  
4 .  Timing a c c u r a c y  . . . . . .  0.1% 
5 .  R e s o l u t i o n  
AV burn t ime . . . . . .  0 . 1  sec  
A l l  o t h e r s  , . . , , . . 1.0 s e c  
6 .  D i s c r e t e  d u r a t i o n  . . . . .  Momentary 
7 .  S p e c i a l  r e q u i r e m e n t s  . . , . Pre launch  system checkout  
c a p a b i l i t y ,  I n h i b i t  pyro 
d i s c r e t e s  i f  b i o c a n i s t e r  
o r  c a p s u l e  have n o t  sepa-  
r a t e d ,  
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The a e r o s h e l l  sequencer  b l o c k  diagram i s  shown i n  f i g u r e  1 4 3 .  
The mechan iza t ion  i n c l u d e s  a magnet ic  o s c i l l a t o r ,  a c l o c k  d i v i d e r ,  
a t i m e r  c o u n t e r ,  f o u r  d i s c r e t e  m a t r i x  d e t e c t o r s ,  t h r e e  s e t s  o f  
o u t p u t  s w i t c h e s ,  two r e g i s t e r  d e t e c t o r s ,  a n  update  r e g i s t e r ,  and 
a command decode r .  Before s e p a r a t i o n  t h e  d e o r b i t  eng ine  bu rn t ime  
i s  updated from e a r t h  v i a  t h e  s p a c e c r a f t .  The c o a s t  t i m e r  i s  a l s o  
i n i t i a t e d  b e f o r e  s e p a r a t i o n  based on t h e  p r e d i c t e d  t ime t o  e n t r y .  
The s , e p a r a t i o n  sequence i s  t h e n  i n i t i a t e d  by t h e  s p a c e c r a f t .  
I f  t h e  b i o c a n i s t e r  o r  t h e  c a p s u l e  f a i l s  t o  s e p a r a t e ,  a n  i n -  
h i b i t  i s  a p p l i e d  t o  t h e  output: t h a t  p r e v e n t s  subsequent  d i s c r e t e s  
from b e i n g  i s s u e d ,  t h u s  p r e v e n t i n g  damage t o  t h e  s p a c e c r a f t .  To 
conse rve  power, a powerdown mode f o r  c o a s t  i s  i n i t i a t e d  a f t e r  the 
f i n a l  d i s c r e t e  i n  t h e  s e p a r a t i o n  sequence.  The sequencer  i s  pow- 
e r e d  u p  once a g a i n  by t h e  c o a s t  t i m e r  b e f o r e  e n t r y  and t h e  p r e -  
e n t r y  sequence i s  completed.  
The p o s t e n t r y  sequence i s  i n i t i a t e d  by a s i g n a l  from t h e  
l o n g i t u d i n a l  a c c e l e r a t o r  when a 1 g i n c r e a s i n g  d e c e l e r a t i o n  l e v e l  
i s  d e t e c t e d .  The a e r o s h e l l  sequencer  m i s s i o n  i s  complete when 
t h e  BVS i s  s e p a r a t e d  from t h e  a e r o s h e l l .  The checkout  c a p a b i l i t y  
i s  n o t  shown, however, i t  c o n s i s t s  of a t i m e r  c o u n t e r ,  a d i s c r e t e  
d e t e c t o r ,  and a s e t  of  o u t p u t  s w i t c h e s .  Timing w i l l  be from t h e  
ground equipment .  The w e i g h t  of  t h e  sequencer  i s  e s t i m a t e d  t o  
b e  5 l b  and r e q u i r e s  4 W ,  During t h e  c o a s t  p e r i o d  1 W w i l l  be  
r e q u i r e d .  
BVS Sequencer 
The BVS sequencer  p r o v i d e s  d i s c r e t e s  t o  c o n t r o l  power t r a n s -  
f e r ,  t o  c o n t r o l  o p e r a t i n g  modes, t o  c o n t r o l  d a t a  f o r m a t s ,  and t o  
i n i t i a t e  pyro arm, f i r e ,  and s a f e  f u n c t i o n s  from BVS/aeroshel l  
s e p a r a t i o n  t o  BVS and s c i e n c e  deployment ,  The r equ i r emen t s  a r e  
l i s t e d  i n  t a b l e  107.  
TABLE 107 ,  - BVS SEQUENCER REQUIREMENTS (TYPICAL) 
1. Sequencer 
Probe s e p a r a t i o n  . . . . . . . .  4 d i s c r e t e s  
BVS and s c i e n c e  deployment . . .  1 2  d i s c r e t e s  
2 .  Maximum t iming  i n t e r v a l  . . . . . .  30  min. 
3 .  Timing a c c u r a c y  . . . . . . . . . .  0.1% 
4 .  D i s c r e t e  d u r a t i o n  . . . . . . . . .  1.0  s e c  
5 .  S p e c i a l  r equ i r emen t s  . . . . . . . .  Pre launch  system check- 
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The BVS sequencer  i s  shown i n  f i g u r e  144. The mechan iza t ion  
i n c l u d e s  a magnet ic  o s c i l l a t o r ,  a c l o c k  d i v i d e r ,  a t imer c o u n t e r ,  
two d i s c r e t e  m a t r i x  d e t e c t o r s ,  and two s e t s  of  o u t p u t  s w i t c h e s ,  
Power i s  a p p l i e d  t o  t h e  sequence r  when t h e  a tmosphe r i c  d r a g  i s  
d e t e c t e d  by t h e  s c i e n c e  a c c e l e r o m e t e r .  The probe s e p a r a t i o n  se- 
quence i s  i n i t i a t e d  by t h e  a e r o s h e l l  sequencer  d i s c r e t e  t h a t  com- 
mands BVS s e p a r a t i o n  from t h e  a e r o s h e l l .  The subsequent  BVS and 
s c i e n c e  deployment sequence i s  i n i t i a t e d  by a n  ambient p r e s s u r e  
s w i t c h  t h a t  i s s u e s  a d i s c r e t e  a t  a p r e s e t  p r e s s u r e  l e v e l ,  The 
BVS sequencer  mis s ion  i s  comple t e  when t h e  b a l l o o n  i n f l a t i o n  h a s  
been completed.  The sequence r  i s  mounted on, and s e p a r a t e s  w i t h  
t h e  t a n k  truss.  The we igh t  of  t h e  sequencer  i s  e s t i m a t e d  a t  3 l b  
and r e q u i r e s  2W. 
A t t i t u d e  Con t ro l  
A t t i t u d e  c o n t r o l  of  t h e  e n t r y  c a p s u l e  p r o v i d e s  p r o p e r  o r i e n t a -  
t i o n  f o r  t h e  d e o r b i t  t h r u s t  and i n i t i a l  a n g l e  of a t t a c k  a t  e n t r y .  
A t t i t u d e  c o n t r o l  i s  t e r m i n a t e d  a t  e n t r y .  A t  e n t r y  aerodynamic 
f o r c e s  and moments c o n t r o l  t h e  a t t i t u d e  of t h e  ae rodynamica l ly  
s t a b l e  c o n f i g u r a t i o n .  
S p i n  S t a b i l i z a t i o n  
For the o r b i t  and f l y b y  m i s s i o n s  a t r a j e c t o r y  h a s  been s e l e c t e d  
i n  which the v e l o c i t y  impu l se  and a tmosphe r i c  e n t r y  a t t i t u d e s  a r e  
v i r t u a l l y  t h e  same. The s p a c e c r a f t  assumes t h i s  a t t i t u d e  b e f o r e  
c a p s u l e  s e p a r a t i o n  e l i m i n a t i n g  c a p s u l e  r e o r i e n t a t i o n  maneuvers 
a f t e r  s e p a r a t i o n ,  S p i n  s t a b i l i z a t i o n  has  been s e l e c t e d  a s  t h e  a t -  
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S t a b i l i z a t i o n  i s  a c h i e v e d  by e s t a b l i s h i n g  a n  a n g u l a r  momentum 
v e c t o r  i n  space by s p i n n i n g  up t h e  c a p s u l e  a t  t h e  d e s i r e d  a t t i -  
t u d e  ( s e p a r a t i o n  a t t i t u d e ) .  The a n g u l a r  momentum v e c t o r  m a i n t a i n s  
t h i s  a t t i t u d e  u n l e s s  a c t e d  upon by d i s t u r b a n c e  t o r q u e s .  F o r  t h e s e  
m i s s i o n s ,  t o r q u e s  due t o  s o l a r  p r e s s u r e  and g r a v i t y  g r a d i e n t  have 
n e g l i g i b l e  e f f e c t  d u r i n g  c o a s t  t o  the  a tmosphe re ,  Body t o r q u e s  
due t o  t h r u s t  mi sa l ignmen t  and o f f s e t  d u r i n g  eng ine  f i r i n g  r e s u l t  
i n  n u t a t i o n  of t h e  s p i n  axis  and a n g u l a r  momentum v e c t o r  w i t h  a n  
a s s o c i a t e d  p o i n t i n g  e r r o r .  These d i s t u r b a n c e  t o r q u e  e f f e c t s  a r e  
c o n t r o l l e d  by t h e  s p i n  r a t e .  
Other  d e o r b i t  v e l o c i t y  p o i n t i n g  e r r o r  s o u r c e s  a r e  t i p  o f f  
r a t e s  a t  s e p a r a t i o n ,  c o a s t  t i m e ,  s p i n  up t i m e ,  and i n i t i a l  n u t a -  
t i o n  r a t e s  a t  d e o r b i t  eng ine  i g n i t i o n .  
To minimize a n g l e  o f  a t t a c k  convergence problems d u r i n g  e n t r y ,  
a p a r t i a l  d e s p i n  w i t h  yo-yos w i l l  be performed b e f o r e  a t m o s p h e r i c  
e n c o u n t e r ,  
The advan tages  of  u s i n g  s p i n  s t a b i l i z a t i o n  i n  t h i s  a p p l i c a -  
t i o n  a re  t h a t  i t  i s  s imple ,  i nexpens ive ,  l i g h t w e i g h t ,  and proved 
system t h a t  w i l l  s a t i s f y  system r e q u i r e m e n t s .  It a l s o  r e q u i r e s  
a n e g l i g i b l e  amount o f  e l e c t r i c a l  power. The system w e i g h t  i s  
e s t i m a t e d  a t  8 l b .  
For t h e  Venus/Mercury m i s s i o n  t h e  a t t i t u d e  c o n t r o l  concep t  
s e l e c t e d  c o n s i s t s  of a c o l d  g a s  ACS system f o r  t h e  i n i t i a l  maneu- 
v e r  phase,  and s p i n  s t a b i l i z a t i o n  f o r  t h e  long c o a s t  and e n t r y  
phase,  wi th  a p a r t i a l  d e s p i n  b e f o r e  a tmosphe r i c  e n t r y .  The s y s -  
t e m  b l o c k  diagram i s  shown i n  f i g u r e  145. 
T h r e e - a x i s  a t t i t u d e  c o n t r o l  p r o v i d e s  t h e  r e q u i r e d  a c c u r a c y  
d u r i n g  t h e  maneuver p h a s e .  An i n e r t i a l  measurement u n i t  (IMU), 
c o n t a i n i n g  t h r e e  o r t h o g o n a l  s i n g l e - a x i s  g y r o s  and one pendulous 
a c c e l e r o m e t e r  a l o n g  t h e  t h r u s t  a x i s  of t h e  c a p s u l e ,  i s  r e q u i r e d  
t o  o p e r a t e  from s e p a r a t i o n  t o  sp in -up ,  a p p r o x i m a t e l y  15 m i n u t e s .  
It i s  i n i t i a l i z e d  by t h e  s p a c e c r a f t  a t t i t u d e  r e f e r e n c e  equipment 
and i s  used t o  p r o v i d e  and m a i n t a i n  a c o n t r o l  r e f e r e n c e  th rough  
t h e  co ld  g a s  r e a c t i o n  j e t s .  It  i s  a l s o  n e c e s s a r y  f o r  o r i e n t i n g  
t h e  v e h i c l e  and m a i n t a i n i n g  t h i s  o r i e n t a t i o n  w h i l e  f i r i n g  t h e  
d e f l e c t i o n  e n g i n e .  The t h r e e - a x i s  a t t i t u d e  c o n t r o l  system i s  n o t  
used a f t e r  sp in -up .  
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The c o l d  g a s  system i s  s i z e d  t o  produce 35 f t - l b  o f  t o r q u e  i n  
t h e  r o l l  ax i s  t o  a l l o w  s p i n  up i n  approx ima te ly  2 s e c .  The p i t c h  
and yaw a x e s  j e t s  a r e  s i z e d  t o  produce 2 f t - l b  o f  t o r q u e  t o  o v e r -  
come misa l ignment  of  t h e  50 - lb  t h r u s t  e n g i n e ,  Al though t h e  com- 
p l e x i t y  of  t h e  t h r e e - a x i s  a t t i t u d e  c o n t r o l  system i s  c o n s i d e r a b l y  
h i g h e r  t h a n  t h a t  f o r  s p i n  s t a b i l i z a t i o n ,  because  of  the s h o r t  t i m e  
i n  which i t  i s  r e q u i r e d  t o  o p e r a t e ,  r e l i a b i l i t y  i s  n o t  cons ide red  
t o  be s i g n i f i c a n t l y  a f f e c t e d ,  Gyroscopic  d r i f t  of 0 .25 ' /hr  i s  i n -  
s i g n i f i c a n t ,  and a l l o w s  f o r  rugged ,  l e s s  a c c u r a t e  gyroscopes  t o  be  
c o n s i d e r e d .  
Sp in  s t a b i l i z a t i o n . i s  used d u r i n g  t h e  68-hr  c o a s t  phase o f  
t h e  Venus/Mercury mis s ion ,  because  a f t e r  t h e  d e f l e c t i o n  v e l o c i t y  
r e o r i e n t a t i o n  maneuver no c a p s u l e  r e o r i e n t a t i o n  maneuvers a r e  re-  
q u i r e d .  I n  a d d i t i o n ,  s p i n  s t a b i l i z a t i o n  i s  a s i m p l e ,  l i g h t w e i g h t ,  
and r e l i a b l e  approach  r e q u i r i n g  no e l e c t r i c a l  power. The sys t em 
c o n s i s t s  o f  t h e  co ld  g a s  r e a c t i o n  j e t s  f o r  sp in -up ,  a n u t a t i o n  
damper, and yo-yo mechanism f o r  p a r t i a l  d e s p i n  from 2 . 2 0  r a d / s e c  
t o  0 . 5  r a d / s e c .  These  r e a c t i o n  j e t s  a r e  t h o s e  used d u r i n g  t h e  
t h r e e  a x i s  c o n t r o l  phase  f o r  r o l l  c o n t r o l .  
I n i t i a l  c a p s u l e  o r i e n t a t i o n  i s  e s t a b l i s h e d  by t h e  t h r e e - a x i s  
a t t i t u d e  c o n t r o l  system which i s  tu rned  o f f  a f t e r  sp in -up .  Spin-  
up i s  accomplished by  f i r i n g  two of  t h e  c o l d  g a s  j e t s .  T r a n s v e r s e  
t o r q u e s  d u r i n g  sp in-up  due t o  d i f f e r e n t i a l  t h r u s t ,  t h r u s t  m i s -  
a l i gnmen t ,  and e r r o r s  i n  mounting t h e  ACS j e t s  r e s u l t  i n  n u t a t i o n  
o r  wobbling o f  t h e  s p i n  ax i s  a f t e r  sp in -up .  A n u t a t i o n  damper 
c o n s i s t i n g  o f  a damped spr ing-mass system i s  provided  t o  remove 
t h e s e  mot ions .  The e f f e c t s  of  s o l a r  p r e s s u r e  a p p e a r i n g  a s  a con- 
s t an t  i n e r t i a l  t o rque  d u r i n g  c o a s t  w i l l  c ause  n e g l i g i b l e  p r e c e s -  
s i o n  of the a n g u l a r  momentum v e c t o r .  
Due to  u n c e r t a i n t i e s  i n  e n t r y  dynamics, h e a t  s h i e l d  r e q u i r e -  
ments ,  and envi ronmenta l  r equ i r emen t s ,  a p a r t i a l  d e s p i n  b e f o r e  
a tmosphe r i c  e n t r y  i s  i n c l u d e d  i n  the  c o n f i g u r a t i o n .  A s p i n  r a t e  
o f  0 .5  r a d / s e c  d u r i n g  e n t r y  p rov ides  t h e  b e n e f i t s  of  r a p i d  a n g l e  
o f  a t t a c k  convergence,  and a more s t a b l e  c o n d i t i o n .  P a r t i a l  de-  
s p i n  i s  a p p l i e d  b e f o r e  a tmosphe r i c  e n t r y  t o  p rov ide  adequa te  
s t a b i l i z a t i o n  i n  the absence  of s t a b i l i z i n g  aerodynamic t o r q u e s ,  
and t h e r e b y  a s s u r e  proper  e n t r y  a t t i t u d e .  The yo-yo mechanism 
was s e l e c t e d  f o r  t h i s  d e s p i n  o p e r a t i o n .  The f i n a l  s p i n  r a t e  o f  
0 . 5  r a d / s e c  was s e l e c t e d  t o  ma in ta in  s u f f i c i e n t  a n g u l a r  momentum 
so t h a t  t h e  t o r q u e  impulse due t o  a n  i m p e r f e c t  yo-yo c a b l e  r e l e a s e  
would n o t  cause  a n  a t t i t u d e  r e o r i e n t a t i o n  o f  g r e a t e r  t h a n  1". The 
t o t a l  ACS sys tem weight  i s  e s t ima ted  a t  48 l b  and r e q u i r e s  2 5  W 
c o n t i n u o u s l y  d u r i n g  t h e  t h r e e - a x i s  c o n t r o l  p e r i o d .  
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OPERATIDNAL SUPPORT EQUIPMENT 
Requirements and c o n s t r a i n t s  f o r  t h e  o p e r a t i o n a l  s u p p o r t  equip-  
ment (OSE) a r e  d i c t a t e d  by the  p h y s i c a l  and f u n c t i o n a l  d e s i g n  of  
t h e  c a p s u l e  system, by t h e  v a r i o u s  i n c r e m e n t a l  assembly l e v e l  t e s t s  
r e q u i r e d ,  and by t h e  number and l o c a t i o n  o f  t e s t  f a c i l i t i e s .  
The p h y s i c a l  and f u n c t i o n a l  d e s i g n  o f  t h e  c a p s u l e ,  i t s  major 
modules o r  segments ,  and r e l a t e d  subsystems,  t o g e t h e r  w i t h  t h e i r  
i n t e r n a l  and e x t e r n a l  i n t e r f a c e s ,  e s t a b l i s h  t h e  b a s i c  OSE r e q u i r e -  
ments f o r  o p e r a t i o n  and h a n d l i n g  o f  t h e  system. The BVS/entry 
v e h i c l e  ( o r  c a p s u l e )  system c o n s i s t s  o f  t h e  fo l lowing  major s eg -  
ments a s  determined by a s s e m b l y l t e s t  c o n s i d e r a t i o n s :  
1) Buoyant Venus s t a t i o n ;  
2) I n f l a t i o n  module o f  BVS; 
3) Drop sonde ( 2 ) ;  
4 )  Subsonic p robe ;  
5) A e r o s h e l l  and a f t e r b o d y ;  
6) D e o r b i t  module; 
7 )  C a n i s t e r l a d a p t e r  . 
Segments 1, 3 ,  and 4 a r e  s e l f - s u f f i c i e n t  modules designed t o  
o p e r a t e  w i t h i n  t h e  Venusian atmosphere,  and must be  assembled and 
t e s t e d  a c c o r d i n g l y .  The remaining segments ,  when i n c r e m e n t a l l y  
assembled wi th  t h e  BVS, probe and sondes ,  p r o v i d e  t h e  deployment,  
e n t r y ,  d e o r b i t ,  and c r u i s e  mode c a p a b i l i t i e s  o f  t h e  system. They 
r e q u i r e  t e s t i n g  a t  t h e i r  i n d i v i d u a l  assembly l e v e l s  and a t  each 
h i g h e r  level .  o f  assembly r e p r e s e n t a t i v e  o f  a s p e c i f i c  mis s ion  
phase .  
F i g u r e  146  i s  a flow c h a r t  t h a t  r e l a t e s  t h e  usage  o f  OSE t o  
v a r i o u s  assembly t e s t  l e v e l s  and t o  t h e  s e v e r a l  t e s t  f a c i l i t i e s  
needed i n  s u p p o r t  o f  t e s t  o p e r a t i o n s .  
The f i g u r e ,  w h i l e  n o t  a t e s t  f low,  i s  a conven ien t  summary o f  
t e s t  flow requ i r emen t s ,  and p e r m i t s  c l a s s i f i c a t i o n  o f  OSE by a s -  
s e m b l y / u s a g e / l o c a t i o n .  The flow d e f i n e s  assembly t e s t  l e v e l s  a t  
component/subassembly, subsystem, major module, and system. Each  
o f  t h e s e  l e v e l s  r e p r e s e n t  l o g i c a l  i n c r e m e n t a l  s t e p s  i n  t h e  deve lop -  
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Each l e v e l  r e q u i r e s  t h a t  OSE be  provided t h a t  can e x e r c i s e '  t h e  
f l i g h t  hardware and s i m u l a t e  i t s  i n t e r f a c e s  w i t h  o t h e r  sys tem e le -  
ments .  Consequent ly ,  OSE t e s t  s e t s  and hand l ing  equipment can  be 
c l a s s i f i e d  acco rd ing  t o  t h e  assembly l e v e l s  t h a t  t h e y  a r e  des igned  
t o  s u p p o r t .  T h i s  r e s u l t s  i n  OSE c l a s s i f i c a t i o n s  ( i d e n t i f i e d  i n  
f i g u r e  146) t h a t  cor respond w i t h  t h e  assembly t e s t  l e v e l s  l i s t e d  
above.  I n  a d d i t i o n ,  s p e c i a l  t e s t  models,  l aunch  o p e r a t i o n s ,  and 
mis s ion  o p e r a t i o n s  e s t a b l i s h  l o c a t i o n - p e c u l i a r  demands f o r  s p e c i a l  
t e s t  equipment ,  l aunch  complex equipment ( L C E ) ,  and miss ion-de-  
pendent equipment (MDE) . 
Because o f  p a r a l l e l  o r  ove r l app ing  schedu le  c o n s i d e r a t i o n s  a t ,  
o r  between, assembly l e v e l s ,  s e v e r a l  se t s  o f  OSE may be r e q u i r e d  
f o r  each l e v e l .  To reduce  t h e  q u a n t i t y  o f  OSE r e q u i r e d ,  each  a s -  
sembly t e s t  l e v e l  has  been eva lua ted  w i t h  r e s p e c t  t o  i t s  v a l u e  t o  
t h e  t e s t  program. The r e s u l t  o f  t h i s  a n a l y s i s  was t o  e l i m i n a t e  
t h e  subsystem t e s t  l e v e l  beyond t h e  development phase .  The r e a -  
sons  f o r  e l i m i n a t i n g  t h i s  t e s t  l e v e l  a r e :  
1 )  The d i s p e r s i o n  o f  subsystem components /assemblies  be- 
tween v a r i o u s  system segments r e s u l t s  i n  t h e  c r e a t i o n  
o f  an a r t i f i c i a l  c o n f i g u r a t i o n  a t  a subsys tem assembly 
1 eve1 ; 
2) To t e s t  a t  subsystem l e v e l s  r e q u i r e s  c o n s i d e r a b l e  
f u n c t i o n a l  and envi ronmenta l  s i m u l a t i o n  which,  a t  b e s t ,  
can o n l y  be  an approximat ion  o f  a c t u a l  c o n d i t i o n s ;  
3 )  The major module/system t e s t  l e v e l s  p rov ide  a more 
r e a l i s t i c  environment f o r  subsystem e v a l u a t i o n .  
The subsystem t e s t  l e v e l  has  been r e t a i n e d  i n  t h e  development 
phase  a s  an e n g i n e e r i n g  t o o l  t o  p e r m i t  f u n c t i o n a l  e v a l u a t i o n  o f  
d e s i g n  concep t s  and a l t e r n a t i v e s  b e f o r e  i n t e g r a t e d  sys tem b u i l d  
and o p e r a t i o n .  
A second c o s t  r e d u c t i o n  c o n s i d e r a t i o n  was a n  a n a l y s i s  o f  t h e  
need f o r  formal i d e n t i f i c a t i o n  and c o n f i g u r a t i o n  of  assembly l e v e l  
t e s t  s e t s .  I n  many i n s t a n c e s ,  a t  component/subassembly and sub-  
sys tem l e v e l s ,  t h e  t e s t  equipment r e q u i r e d  i s  e i t h e r  s t a n d a r d ,  
gene ra l -pu rpose - type  equipment ,  o r  s p e c i a l - p u r p o s e  equipment n o t  
s u i t a b l e  f o r  u se  beyond t h e  l a b o r a t o r y  developmentfqualification 
phase .  Fur thermore ,  formal  i d e n t i f i c a t i o n  o f  t e s t  s e t  c o n f i g u r a -  
t i o n s  a t  t h e s e  l e v e l s  i s  c o n s t r a i n i n g  on development o r g a n i z a t i o n s  
t o  t h e  e x t e n t  t h a t  t i m e  and c o s t  impacts  a r e  c o n s i d e r a b l e .  The 
a l t e r n a t i v e  t o  formal  c o n f i g u r a t i o n  i d e n t i f i c a t i o n  and c o n t r o l  o f  
t e s t  s e t s  was t o  r e v e r t  t o  p rev ious  p r a c t i c e s  t h a t  e x e r c i s e d  con- 
t r o l  a t  qualification/acceptance t e s t  l e v e l s  t h rough  e n g i n e e r i n g  
and q u a l i t y  c o n t r o l  o f  t e s t  procedures  and accompanying t e s t  t o o l -  
i n g  c o n f i g u r a t i o n s .  
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Adoption of  t h e  above two c o s t  r e d u c t i o n  f e a t u r e s  f o c u s e s  
c o n s i d e r a b l e  a t t e n t i o n  on t h e  adequacy o f  t e s t i n g  a t  major module 
and system l e v e l s .  It a l s o  c o r r e s p o n d i n g l y  se t s  r equ i r emen t s  f o r  
implementat ion o f  OSE t e s t  se t s  a t  t h e s e  l e v e l s .  It i s  a t  t h e s e  
l e v e l s  t h a t  t he  more r e a l i s t i c  o p e r a t i n g  modes and environments  
a r e  encoun te red ,  and adequa te  e v a l u a t i o n  t e s t i n g  a t  t h e s e  l e v e l s  
w i l l  y i e l d  t h e  most b e n e f i c i a l  r e s u l t s .  
REQUIREMENTS 
The fo l lowing  s p e c i f i c  f u n c t i o n s  w i l l  b e  performed by t h e  OSE: 
1 )  Test c o n t r o l  t o  permit  o p e r a t i o n  of  t h e  c a p s u l e  system 
i n  a l l  o p e r a t i o n a l  modes; 
2) S imula t ion  o f  t h e  c a p s u l e  system power s o u r c e s  and 
s p a c e c r a f t  power i n t e r f a c e s ;  
3 )  S t i m u l a t i o n  o f  s c i e n c e  expe r imen t s ;  
4 )  S t i m u l a t i o n  o f  environmental  s e n s o r s ;  
5) I n t e r f a c e  s i g n a l  s i m u l a t i o n  and l o a d i n g ;  
6) S5mulation o f  n o n r e v e r s i b l e  f u n c t i o n s  such  a s  pyro- 
t e c h n i c  d e v i c e  o p e r a t i o n ;  
7) S i m u l a t i o n  o f  deployment mechanism o p e r a t i o n ;  
8) S imula t ion  o f  p r o p u l s i o n  system o p e r a t i o n ;  
9) Sequence c o n t r o l  i n  c o n j u n c t i o n  w i t h ,  o r  i n  l i e u  o f ,  
f l i g h t  sequencer  o p e r a t i o n ;  
10) V a r i a t i o n  of i n p u t  s t i m u l i  t o  p e r m i t  d e s i g n  l i m i t  and 
marg ina l  i t  y t e s t i n g  ; 
11) Mal func t ion  i s o l a t i o n  t o  r e p l a c e a b l e  assembly l e v e l s  ; 
1 2 )  Data a c q u i s i t i o n ,  p r o c e s s i n g ,  and d i s p l a y  t o  p e r m i t  
e v a l u a t i o n  of c a p s u l e  system performance d u r i n g  t e s t  
o p e r a t i o n s  ; 
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13) Commodity supp ly  and s e r v i c i n g ;  
14)  Hazard mon i to r ing  and s a f i n g  c o n t r o l ;  
15 )  Alignment ,  p o s i t i o n i n g ,  h a n d l i n g ,  and t r a n s p o r t a t i o n .  
CONSTRAINTS 
S p e c i f i c  c o n s t r a i n t s  imposed upon t h e  c a p s u l e  system OSE a r e :  
L i m i t a t i o n s  imposed on t e s t  i n t e r f a c e  a c c e s s  t o  s y s -  
t e m  f u n c t i o n s  by t h e  p h y s i c a l  d e s i g n  o f  such items a s  
t h e  subson ic  probe,  d rop  sondes ,  a e r o s h e l l / a f t e r b o d y ,  
and t h e  s t e r i l i z a t i o n  c a n i s t e r .  These l i m i t a t i o n s  
a r e  r e i n f o r c e d  by t e s t  o p e r a t i o n s  d u r i n g  which t e s t  
a c c e s s  i s  l i m i t e d  by r equ i r emen t s  t o  m a i n t a i n  t e s t  
r e a l i s m ,  such  a s  i n  thermal-vacuum and e l e c t r o m a g n e t i c  
i n t e r f e r e n c e  t e s t i n g ;  
Hazardous and /o r  n o n r e v e r s i b l e  o p e r a t i o n s  such a s  en- 
g i n e  f i r i n g  and p y r o t e c h n i c  d e v i c e  i g n i t i o n  which a r e  
r e s t r i c t e d  t o  subsystem t e s t s  i n  h a z a r d - s a f e  a r e a s .  
These f u n c t i o n s  a l s o  c o n s t r a i n  p o s t s t e r i l i z a t i o n  
o p e r a t i n g  t e s t s  a f t e r  i n s t a l l a t i o n  o f  p r o p e l l a n t s  and 
p y r o t e c h n i c  d e v i c e s ;  
P r o g r e s s i v e  t e s t i n g  a t  major module and i n t e g r a t e d  
system l e v e l s  which r e q u i r e s  programing and i n t e r f a c e  
f l e x i b i l i t y  w i t h i n  t h e  OSE t o  pe rmi t  common usage a t  
v a r i o u s  t e s t  l e v e l s ;  
The number o f  r e q u i r e d  t e s t  and o p e r a t i o n s  f a c i l i t i e s  
and t h e i r  l o c a t i o n s  t h a t - r e q u i r e  p r o v i s i o n s  w i t h i n  
Lhe OSE f o r  e x p e d i t i o u s  r e l o c a t i o n  and set.up o f  t h e  
s u p p o r t  equipment;  
I n t e g r a t e d  p r e l a u n c h  and l aunch  o p e r a t i o n s  t h a t  r e -  
q u i r e  i n t e r f a c e  c o m p a t i b i l i t y  w i t h  o t h e r  e l emen t s  o f  
t h e  space  v e h i c l e  and f a c i l i t i e s ;  ' 
Maximum u s e  o f  DSN mis s ion  independen t  equipment (MIE) 
f o r  mis s ion  o p e r a t i o n s .  
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CONFIGURATION DESCRIPTION 
I n  f i g u r e  146 t h e  f o l l o w i n g  OSE t e s t  and s u p p o r t  equipment 
c l a s s i f i c a t i o n s  a r e  i d e n t i f i e d :  
Component t e s t  equipment;  
Subsystem t e s t  equipment;  
S p e c i a l  t e s t  equipment;  
Major module t e s t  equipment;  
System t e s t  equipment;  
Launch complex equipment;  
Mission-dependent  equipment.  
This  r e p o r t  c o n c e n t r a t e s  on t h e  equipment c o n f i g u r a t i o n s  f o r  
s u p p o r t  o f  t e s t i n g  a t  major  module l e v e l  and above. I t  should  be 
r e c o g n i z e d ,  however, t h a t  a p o r t i o n  o f  t h e  system OSE d e s i g n  w i l l  
e v o l v e  from d e s i g n s  developed a t  component and subsystem l e v e l s ,  
p a r t i c u l a r l y  f o r  t h e  more unique equipment i tems. 
The development of  a c o n f i g u r a t i o n  f o r  major module and s y s -  
t e m  assembly l e v e l s  was s u b j e c t  o f  a s t u d y  i n v o l v i n g  s e v e r a l  p o s -  
s i b l e  a l t e r n a t i v e s .  The s e l e c t e d  c o n f i g u r a t i o n  a p p e a r s  t o  pro-  
v ide  t h e  most v e r s a t i l i t y  i n  s u p p o r t i n g  sys tem o p e r a t i o n s .  
R e a l i s t i c a l l y ,  t h e  c h o i c e  o f  OSE c o n f i g u r a t i o n  cannot  b e  made 
based s p e c i f i c a l l y  o n  r e q u i r e m e n t s  d i c t a t e d  by any s i n g l e  assembly 
t e s t  l e v e l .  I n  t h e  s e l e c t i o n  o f  a c o n f i g u r a t i o n ,  r equ i r emen t s  a t  
major  module, sys tem,  and l a u n c h  complex l e v e l s  o f  t e s t  o r  o p e r a -  
t i o n s  were c o n s i d e r e d  and a n  OSE c o n f i g u r a t i o n  was s e l e c t e d  t h a t  
would b e s t  s a t i s f y  t h e  t o t a l  usage r e q u i r e m e n t s .  The sys tem pro-  
posed i s  based on t h e  u s e  o f  a c e n t r a l i z e d  gene ra l -pu rpose  d i g i t a l  
computer t o  a c h i e v e  t h e  v e r s a t i l i t y  needed t o  s u p p o r t  s e v e r a l  
d i f f e r e n t  assembly t e s t  l e v e l s  i n  a number o f  d i f f e r e n t  t e s t  l o c a -  
t i o n s .  The u s e  o f  a c e n t r a l i z e d  computer a l s o  p r o v i d e s  a r e a l -  
t ime and n e a r  r e a l - t i m e  d a t a  p rocess ing  c a p a b i l i t y .  E lements  o f  
t h e  s o f t w a r e  system provided t o  s u p p o r t  d a t a  p r o c e s s i n g  f u n c t i o n s  
can b e  d i r e c t l y  a p p l i e d  t o  mis s ion  o p e r a t i o n s  s u p p o r t ,  t h u s  ex-  
t e n d i n g  t h e  common usage a s p e c t s  o f  t h e  system. 
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SYSTEM TEST COMPLEX 
The c o n f i g u r a t i o n  i s  shown i n  f i g u r e  147 and i s  i d e n t i f i e d  a s  
t h e  BVS/Entry System-System Test  Complex. It c o n s i s t s  o f  a gen-  
e r a l - p u r p o s e  d i g i t a l  computer system l o c a t e d  i n  a c o n t r o l  c e n t e r  
a r e a  remote from t h e  t es t  a r e a ,  and a group of  unique t e s t  and 
s u p p o r t  equipment and computer i n t e r f a c e  hardware l o c a t e d  i n  t h e  
v i c i n i t y  o f  t h e  c a p s u l e .  The system i s  p a t t e r n e d  a f t e r  a n  e x i s t -  
i n g  computer system d e s i g n  used i n  t h e  T i t a n  I I I M - M O L  program. 
T h i s  sys t em c o n t a i n s  a t h i r d - g e n e r a t i o n ,  3 2 - b i t ,  medium-size com- 
p u t e r  t h a t  i n t e r f a c e s  th rough  g e n e r a l - p u r p o s e  checkout equipment 
t o  t h e  t e s t  a r t i c l e .  It  i s  des igned  f o r  remote o p e r a t i o n  o f  up 
t o  2000 f t  v i a  b i p h a s e  t r a n s m i s s i o n  l i n k s ,  and i s  i d e a l l y  s u i t e d  
f o r  u s e  i n  t e s t  and o p e r a t i o n s  a r e a s  where haza rdous  c o n d i t i o n s  
r e s t r i c t  pe r sonne l  a c c e s s .  The u s e  o f  an e x i s t i n g  d e s i g n  e l i m i -  
n a t e s  many o f  the  development problems a s s o c i a t e d  w i t h  a new d e -  
s i g n  and p e r m i t s  t h e  c a r r y o v e r  o f  b a s i c  s o f t w a r e  programing and 
e x p e r i e n c e  t o  t h e - n e w  a p p l i c a t i o n .  
The computer system performs t e s t  c o n t r o l ,  and r e a l - t i m e  and 
n e a r  r e a l - t i m e  d a t a  p r o c e s s i n g .  I n p u t - o u t p u t  p e r i p h e r a l  equipment 
i s  p rov ided  t o  s u p p o r t  d a t a  d i s p l a y  r equ i r emen t s  and t h e  p r e p a r a -  
t i o n  o f  d e t a i l e d  t e s t  r e c o r d s .  Adequate s t o r a g e  f o r  o n - l i n e  t e s t  
programs i s  provided i n  core-memory and r a p i d  a c c e s s  d i s c  f i l e s .  
O f f - l i n e  programs a r e  s u p p l i e d  f o r  h i s t o r y  f i l e  p r e p a r a t i o n ,  t e s t -  
t o - t e s t  t r e n d  comparisons,  and m i s c e l l a n e o u s  d a t a  r e d u c t i o n  and 
computat ion t a s k s .  Computer i n t e r f a c e  equipment a t  t h e  c o n t r o l  
c e n t e r  r e c e i v e s  computer commands, and f o r m a t s  and v e r i f i e s  t h e  
command i n s t r u c t i o n  b e f o r e  t r a n s m i s s i o n  o v e r  t h e  b i p h a s e  t r a n s -  
m i s s i o n  l i n k s .  Data a c q u i r e d  i n  t h e  t e s t  a r e a  a r e  r e c e i v e d  and 
p rep rocessed  i n  computer i n t e r f a c e  equipment provided f o r  t h a t  
pu rpose .  
C a p s u l e - v i c i n i t y  OSE i s  used t o  c o n v e r t  computer commands i n t o  
b i l e v e l ,  a n a l o g ,  o r  d i g i t a l  s i g n a l s  f o r  s t i m u l a t i n g  c a p s u l e  o p e r -  
a t i o n s  o r  s i m u l a t i n g  f u n c t i o n a l  i n t e r f a c e s  w i t h  o t h e r  system e l e -  
ments.  T h i s  equipment i s  g e n e r a l - p u r p o s e  and s i g n a l  c h a n n e l s ,  
a m p l i t u d e s ,  f r e q u e n c i e s ,  wave s h a p e s ,  e t c . ,  a r e  programed by com- 
p u t e r  i n s t r u c t i o n .  Te leme t ry ,  b i l e v e l ,  a n a l o g ,  and d i g i t a l  d a t a  
i s  a c q u i r e d ,  f o r m a t t e d ,  and t r a n s m i t t e d  t o  t h e  C o n t r o l  C e n t e r  f o r  
p r o c e s s i n g  and d i s p l a y .  Some c a p s u l e - v i c i n i t y  OSE i s  o f  n e c e s s i t y  
un ique  t o  t h e  BVS/entry system c o n f i g u r a t i o n .  
r e c e i v e r s ,  s c i e n c e  experiment  s t i m u l i  and m o n i t o r i n g ,  haza rd  mon- 
i t o r i n g  and c o n t r o l ,  p r o p e l l a n t  l o a d i n g  and p r e s s u r i z a t i o n ,  s o l a r  
panel  checkou t ,  e t c . ,  a l l  r e q u i r e  s p e c i a l  equipment t o  comple t e  
sys t em checkout  c a p a b i l i t i e s .  Where used i n  au tomat i c  system 
checkout  r o u t i n e s ,  t h i s  equipment i s  programed and c o n t r o l l e d  by 
t h e  computer system. 
RF t r a n s m i t t e r s f  
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Where p r a c t i c a l ,  c a p s u l e - v i c i n i t y  OSE i s  van-mounted t o  s i m -  
p l i f y  teardown,  s e t u p ,  and checkout  when equipment i s  moved be-  
tween t e s t  f a c i l i t i e s .  The u s e  o f  a c e n t r a l i z e d  computer sys t em 
reduces  t h e  amount o f  c a p s u l e - v i c i n i t y  OSE t h a t  must be moved be-  
tween t e s t  a r e a s .  
The proposed c o n f i g u r a t i o n  c o n s i s t s  o f  f o u r  c a p s u l e - v i c i n i t y  
v a n s ,  one f o r  each  c a p s u l e .  These vans  a r e  connected t o  t h e  cen-  
t r a l  computer sys tem by t r a n s m i s s i o n  l i n k s  provided t o  e a c h  t e s t  
a r e a .  Two computer se ts  a r e  t o  be  s u p p l i e d ,  bo th  o f  which w i l l  
i n i t i a l l y  b e  used a t  t h e  c o n t r a c t o r ' s  f a c i l i t y  f o r  sys tem d e v e l o p -  
ment and q u a l i f i c a t i o n .  The two computer se t s  w i l l  be t ime-sha red  
w i t h  t h e  f o u r  van s e t s  a s  t es t  needs  r e q u i r e .  A s  o f f - s i t e  usage  
d i c t a t e s ,  one  computer set  w i l l  be  r e l o c a t e d  w i t h  t h e  n e c e s s a r y  
van  se t  o r  s e t s .  U l t i m a t e l y ,  one  computer se t  w i l l  be l o c a t e d  a t  
t h e  c o n t r a c t o r ' s  f a c i l i t y  and t h e  o t h e r  a t  KSC. 
C a p s u l e - v i c i n i t y  OSE t h a t  i s  n o t  van  mounted i s  n o t  g e n e r a l l y  
provided  on a one- for -one  b a s i s  w i t h  t h e  c a p s u l e  sys tems,  Fo r  
example,  s i n c e  s t e r i l i z a b l e  b a t t e r i e s ,  s o l a r  p a n e l s ,  p r o p u l s i o n ,  
and b a l l o o n  i n f l a t i o n  sys tems cannot  normal ly  be e x e r c i s e d  i n  
r o u t i n e  t e s t i n g  o f  t h e  sys tem,  suppor t  i tems f o r  t h e s e  f u n c t i o n s  
can be  more e f f e c t i v e l y  t ime-shared  and equipment q u a n t i t i e s  re- 
duced a c c o r d i n g l y .  
The sys tem t e s t  complex c o n t a i n s  b o t h  t h e  gene ra l -pu rpose  c a -  
p a b i l i t i e s  and t h e  unique  equipment n e c e s s a r y  t o  s u p p o r t  t e s t i n g  
a t  e i t h e r  major module o r  sys tem assembly t e s t  l e v e l s .  I n  most 
i n s t a n c e s ,  t h e  gene ra l -pu rpose  c a p a b i l i t i e s  o f  t h e  sys tem w i l l  
a d e q u a t e l y  suppor t  d i f f e r e n c e s  i n  i n t e r f a c e  c o n f i g u r a t i o n  between 
the s e p a r a t e  t e s t  l e v e l s .  While t h e r e  may-be some unique  i t e m s  
r e q u i r e d  a t  module l e v e l  o v e r  and above t h o s e  needed a t  sys t em 
l e v e l ,  t h e y  a r e  o f  n e g l i g i b l e  p r o p o r t i o n  w i t h  r e s p e c t  t o  t o t a l  
c o n f i g u r a t i o n  r equ i r emen t s .  
SYSTEM TEST COMPLEX OPERATIONS 
The sys t em complex o p e r a t e s  i n  t h e  fo l lowing  manner. A l l  p ro -  
grams, i n c l u d i n g  sys tem moni tor  programs,  t e s t  and d a t a  a c q u i s i -  
t i o n  and p r o c e s s i n g  r o u t i n e s ,  and s u c c e s s  c r i t e r i a  and d a t a  t a b l e s  
a r e  e n t e r e d  i n t o  computer memory v i a  t h e  ca rd  r e a d e r  o r  t h e  mag- 







































The t e s t  conductor  moni tors  a c t i v a t i o n  and s t a t u s  o f  OSE s y s -  
tems from t h e  t e s t  eng inee r  conso le .  A keyboard -p r in t e r  i s  p ro -  
vided f o r  t e s t  eng inee r  communication w i t h  t h e  computer sys tem.  
T h i s  u n i t  can  be  used t o  s c h e d u l e  computer i n p u t / o u t p u t  o p e r a t i o n s ,  
t o  modify t e s t  sequences ,  t o  upda te  s u c c e s s  c r i t e r i a  and d a t a  
t a b l e s ,  and t o  c a l l  up t e s t  r o u t i n e s  o r  d a t a  v a l u e s  f o r  p r i n t e d  
d i s p l a y .  The t e s t  eng inee r  c o n s o l e  c o n t a i n s  t es t  c o n t r o l s ,  s t a t u s  
mon i to r s ,  and v o i c e  communications.  Hazard moni tors  and s a f i n g  
c o n t r o l s  a r e  prominent ly  l o c a t e d  on t h e  conso le  pane l .  
A f t e r  s a t i s f a c t o r y  system s t a t u s  has  been a s s u r e d ,  t h e  t e s t  
On i n i t i a t i o n ,  t h e  computer w i l l  a u t o m a t i c a l l y  sequence  
eng inee r  i n i t i a t e s  t h e  t e s t  sequence by commanding computer ope r -  
a t i o n .  
t h e  t e s t  a s  de f ined  by t h e  t e s t  r o u t i n e  programed i n t o  i t s  memory. 
The computer f i r s t  a c t i v a t e s  p r e r e q u i s i t e  OSE f u n c t i o n s  and v e r i -  
f i e s  t h e i r  s t a t u s ,  a f t e r  which,  i t  commands t h e  o p e r a t i o n  o f  t h e  
c a p s u l e  sys tem sequencer .  The sequencer  then  c o n t r o l s  c a p s u l e  
system f u n c t i o n s  a s  programed f o r  a c t u a l  mi s s ion  o p e r a t i o n s .  The 
OSE computer i s  synchronized  w i t h  t h e  sequencer  and commands t h e  
a p p l i c a t i o n  o f  s imula t ed  r e s p o n s e  and s t i m u l u s  s i g n a l s  a t  app ro -  
p r i a t e  times i n  t h e  sequence.  
The t e l e m e t r y  subsystem i s  used a s  t h e  p r i m e  t e s t  d a t a  sou rce .  
Te lemet ry  d a t a  a r e  t r a n s m i t t e d  open-loop v i a  t h e  communication 
subsystem t o  t h e  communication OSE where i t  i s  r e c e i v e d ,  demodu- 
l a t e d ,  and passed on t o  t h e  t e l e m e t r y  OSE. A s  a n  a l t e r n a t i v e ,  
t h e  communication OSE may b e  bypassed and t e l e m e t r y  d a t a  ha rd -  
l i n e d  d f r e c t l y  t o  t h e  t e l e m e t r y  OSE. The t e l e m e t r i c  d a t a  group 
(TDG) e s t a b l i s h e s  b i t  s y n c h r o n i z a t i o n ,  e v a l u a t e s  s i g n a l  q u a l i t y ,  
and p r o v i d e s  a r e c o n s t i t u t e d  PCM s e r i a l  d a t a  s t r e a m .  The TDG,  
under  c o n t r o l  of  preprogramed computer s o f t w a r e  r o u t i n e s ,  i d e n t i -  
f i e s  fo rma t ,  decommutates and decodes t h e  d a t a ,  and performs l i m i t  
checks and success  c r i t e r i a  comparisons.  Data f a i l i n g  t h e  l i m i t  
check o r  c r i t e r i a  comparison a r e  p r i n t e d  o u t  on t h e  l i n e  p r i n t e r .  
Event  d a t a  i n d i c a t i v e  o f  t e s t  p r o g r e s s  and s t a t u s  a r e  a l s o  p r i n t e d  
and s e l e c t e d  s i g n a l s  d i s p l a y e d  on t h e  t e s t  eng inee r  conso le .  
These d i s p l a y s  permi t  o p e r a t i o n  i d e n t i f i c a t i o n  o f  system anomal ies  
and a s s i s t  t e s t  c o n t r o l  d e c i s i o n s .  
The sys tem t e s t  complex w i l l  p rov ide  s imula t ed  sequencer  and 
t e l e m e t r y  c l o c k  s i g n a l s  s o  t h a t  sequence t iming  and d a t a  a c q u i s i -  
t i o n  r a t e s  can be v a r i e d  a s  r e q u i r e d  by t e s t  o p e r a t i o n s .  
Te leme t ry  d a t a  a r e  supplemented by d i s c r . e t e  and ana log  d a t a  
monitor  sys tems.  The d i s c r e t e  monitor  system d e t e c t s  changes i n  
d i s c r e t e  s i g n a l  l e v e l s  and t r a n s m i t s  t h e  change d a t a  t o  t h e  com- 
p u t e r  f o r  c r i t e r i a  comparison.  Data f a i l i n g  c r i t e r i a -  checks a r e  
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d i s p l a y e d  a s  a l a rm d a t a  on t h e  l i n e  p r i n t e r .  The ana log  monitor  
sys tem c o n v e r t s  and fo rma t s  c a p s u l e  h a r d l i n e d  ana log  d a t a  f o r  
p r o c e s s i n g  by t h e  computer and r e c o r d i n g  o f  s e l e c t e d  channe l s  on 
s t r i p - c h a r t  r e c o r d e r s .  
computer t h rough  d i g i t a l - t o - a n a l o g  c o n v e r t e r s  t o  d i s p l a y  ana log  
d a t a  a v a i l a b l e  on t e l e m e t r y  channe l s .  
These r e c o r d e r s  may a l s o  be  d r i v e n  by t h e  
The d i s c r e t e  command and ana log  s t i m u l u s  system a c c e p t s  d i g i t a l  
commands from t h e  computer ,  decodes t h e  d i g i t a l  a d d r e s s ,  and se- 
l e c t s  t h e  a p p r o p r i a t e  o u t p u t  s i g n a l  f o r  a p p l i c a t i o n  t o  t h e  c a p s u l e  
sys tem i n t e r f a c e .  Programable ana log  s t i m u l u s  g e n e r a t o r s  a r e  pro-  
v i d e d .  Analog s t i m u l u s  l eve l s  a r e  p r e s e l e c t e d  b e f o r e  s t a r t  o f  t h e  
t e s t  sequence.  They a r e  app l i ed  t o  t h e  a p p r o p r i a t e  i n t e r f a c e  by 
computer command through d i s c r e t e  o u t p u t  s w i t c h i n g .  
During sys t em t e s t i n g ,  backup d a t a  r e c o r d i n g  i s  provided by 
a n a l o g  t a p e  r e c o r d e r  equipment gha t  a c c e p t s  p r e d e t e c t i o n  r f  s i g -  
n a l s  and o t h e r  mul t ip l exed  d a t a  s i g n a l s .  T i m e  and v o i c e  s i g n a l  
channe l s  a r e  a l s o  p rov ided .  T h i s  equipment permits r e c o n s t r u c -  
t i o n  o f  t e s t  d a t a  f o r  o f f - l i n e  a n a l y s e s .  The h i g h  frequency capa-  
b i l i t y  o f  t h i s  equipment i s  a l s o  used t o  de t ec t  and a n a l y z e  t r a n -  
s i e n t  and e l e c t r o m a g n e t i c  i n t e r f e r e n c e  (EMI) phenomena. 
To minimize f a c i l i t y  i n t e r f a c e s  and t o  p e r m i t  r a p i d  r e l o c a t i o n  
and s e t u p  o f  t h e  system t e s t  complex, a power d i s t r i b u t i o n  group 
i s  provided t o  d i s t r i b u t e  ac  and dc  power t o  a l l  system t e s t  com- 
p l e x  end- i tems .  Th i s  power d i s t r i b u t i o n  group c o n t a i n s  dc power 
s u p p l i e s ,  d i s t r i b u t i o n  b u s e s ,  and power moni tor ing  and s w i t c h i n g  
equipment .  
Unique c a p s u l e - v i c i n i t y  OSE i s  used i n  t e s t  o p e r a t i o n s  t o  
s u p p o r t  t h e  fo l lowing  f u n c t i o n s .  
The power c o n t r o l  and monitor  r a c k  p rov ides  power t o  t h e  cap-  
s u l e  sys tem buses  i n  l i e u  of  c a p s u l e  b a t t e r y  s o u r c e s .  It  a l s o  
s i m u l a t e s  s p a c e c r a f t  power. Power a p p l i c a t i o n  and t r a n s f e r  con- 
t r o l  i s  e f f e c t e d  a u t o m a t i c a l l y  from t h e  computer o r  manual ly  
th rough  power r a c k  c o n t r o l s .  Capsule  power meter ing  and load  
c o n t r o l  f u n c t i o n s  a r e  a l s o  inc luded  i n  t h i s  r a c k .  
The hazard  monitor  and c o n t r o l  s e t  c o n s i s t s  o f  a p r o p e l l a n t  
and p r e s s u r i z a t i o n  monitor  r a c k ,  and a p y r o t e c h n i c  subsystem 
r a c k .  These r a c k s  a r e  conf igu red  and grouped t o  pe rmi t  common 
usage  i n  c a p s u l e  s t o r a g e  a r e a s  and a t  t h e  l aunch  pad f o r  sys tem 
and pe r sonne l  s a f e t y .  
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The p r o p e l l a n t  and p r e s s u r i z a t i o n  monitor  r a c k  mon i to r s  t e m -  
p e r a t u r e  and p r e s s u r e  and v e n t  c o n t r o l s  f o r  p r o p u l s i o n  and i n f l a -  
t i o n  system f u n c t i o n s .  
S a f e  mon i to r ing  and c o n t r o l  o f  py ro techn ic  subsystem s a f e / a r m  
d e v i c e s  a r e  provided by t h e  p y r o t e c h n i c  subsystem r a c k .  It a l s o  
mon i to r s  power c a p a c i t o r  banks and p rov ides  c o n t r o l  of power ap- 
p l i c a t i o n  and d i s c h a r g e  o f  t h e s e  a s s e m b l i e s .  
Communication OSE t h r o u g h  r e c e i v e r l t r a n s m i t t e r  s e t s  r e c e i v e s  
s i g n a l s  from t h e  c a p s u l e  and demodulates  t h e s e  s i g n a l s  t o  r e c o v e r  
t h e  t e l e m e t r y  d a t a  s i g n a l .  RF c a r r i e r  f r e q u e n c i e s  a r e  v e r i f i e d  
and spectrum a n a l y s i s  t e s t s  performed. C a p a b i l i t y  a l s o  e x i s t s  
t o  g e n e r a t e  t e s t  p a t t e r n s ,  t o  measure t r a n s m i t t e r  i n p u t l o u t p u t  
power, and t o  d e t e c t  b i t  e r r o r s  i n  demodulated t e l e m e t r y  s i g n a l s .  
A t r a n s p o n d e r  i s  provided f o r  t r a n s m i s s i o n  of  r e t u r n  s i g n a l s  t o  
t h e  r a d a r  a l t i m e t e r .  Doppler  s i m u l a t i o n  i s  provided f o r  v e r i f i -  
c a t i o n  of c a p s u l e  uhf d o p p l e r  measurement. These l a t t e r  f u n c t i o n s  
a r e  con ta ined  i n  t h e  d o p p l e r l r a d a r  checkout s e t .  
A t e l e m e t r y  t e s t  se t  i s  provided t o  view and a n a l y z e  t h e  q u a l -  
i t y  o f  t e l e m e t r y  t r a n s m i s s i o n s .  Te leme t ry  mode c o n t r o l  i s  a l s o  
performed from t h i s  equipment.  
The p r o p e l l a n t  l o a d i n g  and p r e s s u r i z a t i o n  equipment i s  used 
t o  load  a c t u a l  o r  s imula t ed  p r o p e l l a n t s  and t o  p r e s s u r i z e  p r o p e l -  
l a n t  systems and b a l l o o n  i n f l a t i o n  systems.  It c o n s i s t s  o f  two 
t y p e s  of  p r o p e l l a n t  s e r v i c i n g  u n i t s ,  a decon tamina t ion  s e t ,  a p ro -  
p e l l a n t  load v e r i f i c a t i o n  s e t ,  and a p r e s s u r i z a t i o n  s e t .  A he l ium 
l e a k  check s e t  i s  used t o  d e t e c t  l eakage  i n  system plumbing. 
A s o l a r  pane l  l i g h t  s o u r c e  i s  used t o  a s s u r e  t h e  con t inued  
i n t e g r i t y  of  s o l a r  p a n e l s  a f t e r  assembly on t h e  BVS. 
A f t e r  i n i t i a l  s e t u p  o f  t h e  system t e s t  complex, t h e  c a p s u l e /  
OSE i n t e r f a c e  s i m u l a t o r  i s  used t o  v e r i f y  OSE o p e r a t i o n  b e f o r e  
mar r i age  o f  t h e  OSE w i t h  the c a p s u l e  system. T h i s  s e l f - t e s t  o f  
t h e  OSE i s  performed a f t e r  each  r e l o c a t i o n  and whenever OSE o p e r -  
a t i o n  i s  s u s p e c t .  A d d i t i o n a l  s e l f - t e s t  f e a t u r e s  b u i l t  . i n t o  s y s -  
tem t e s t  complex equipment v e r i f y  i n t e r f a c e  s i g n a l s  and p e r m i t  
i s o l a t i o n  of  ma l func t ions  between t h e  system t e s t  complex and t h e  
c a p s u l e  system. 
F u n c t i o n a l  t e s t  sequences r e q u i r e  t h e  u s e  o f  a p y r o t e c h n i c  
d e v i c e  s i m u l a t o r  t o  s u b s t i t u t e  f o r  p y r o t e c h n i c  d e v i c e s  which, 
because  of t h e i r  haza rdous ,  n o n r e v e r s i b l e  c h a r a c t e r i s t i c s ,  cannot  
be used r o u t i n e l y  i n  t e s t  o p e r a t i o n s .  P y r o t e c h n i c  d e v i c e  s imula -  
t o r s  a r e  provided t o  s i m u l a t e  t h e  f i r i n g  o f  p y r o t e c h n i c  d e v i c e s  
and t o  measure energy l e v e l s  a p p l i e d  th rough  t h e  f i r i n g  c i r c u i t r y .  
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During component e v a l u a t i o n  t e s t s  and b e f o r e  i n s t a l l a t i o n  of  
a c t i v e  p y r o t e c h n i c s  i n  t h e  c a p s u l e ,  t e s t s  a r e  conducted t o  a s s u r e  
c o n t i n u i t y ,  r f  immunity,  and ground i s o l a t i o n  o f  s q u i b  c i r c u i t s  
w i t h i n  p y r o t e c h n i c  d e v i c e s .  
ment provided i n  t h e  ordnance  i t e m  t e s t  s e t .  
T h i s  t e s t i n g  i s  performed w i t h  equ ip -  
A f t e r  l o a d i n g  o f  p r o p e l l a n t s  and p r e s s u r a n t s ,  and i n s t a l l a t i o n  
of s t e r i l i z a b l e  b a t t e r i e s  and py ro techn ic  d e v i c e s ,  p o t e n t i a l l y  
hazardous  c o n d i t i o n s  e x i s t  w i t h i n  t h e  c a p s u l e  sys tem.  To a s s u r e  
con t inued  o p e r a t i o n  o f  t h e  hazard monitor  and c o n t r o l  s e t  i n  t h e  
even t  o f  p r i m e  power f a i l u r e ,  an emergency b a t t e r y  s e t  i s  provided  
t o  supp ly  nominal 2 8  Vdc power t o  c a p s u l e  t r a n s d u c e r s  and ground 
moni tor ing  equipment .  
F l i g h t  b a t t e r i e s  a r e  normal ly  fo rma t ion  charged a t  t h e  manu- 
f a c t u r e r ’ s  f a c i l i t y  b e f o r e  d e l i v e r y  f o r  sys tem i n s t a l l a t i o n .  
e v e r ,  t o  a s s u r e  proper  b a t t e r y  o p e r a t i o n  a f t e r  exposure  t o  s t e r i l i -  
z a t i o n  t e m p e r a t u r e s ,  p r e s e n t  concep t s  r e q u i r e  b a t t e r y  fo rma t ion  
c h a r g i n g  a f t e r  s t e r i l i z a t i o n .  A s t e r i l i z a b l e  b a t t e r y  c h a r g e r  se t  
i s  provided t o  per form fo rma t ion  c h a r g e l d i s c h a r g e  c y c l i n g .  
How- 
The s p e c i f i c  o p e r a t i o n  and c o n f i g u r a t i o n  o f  t h e  sys tem t e s t  
complex w i l l  v a r y  w i t h  each  t e s t  o p e r a t i o n ,  depending  on t e s t  ob- 
j e c t i v e s  and i n t e r f a c e  a v a i l a b i l i t y .  The gene ra l -pu rpose  computer 
o p e r a t i n g  th rough  a d d r e s s a b l e  s w i t c h i n g  m a t r i c e s  and p a t c h i n g  n e t -  
works w i l l  p r o v i d e  t h e  f l e x i b i l i t y  needed t o  s u p p o r t  t h e s e  .var ied  
o p e r a t i o n s .  
A t  t h e  c o n t r a c t o r ’ s  p l a n t ,  t h e  sys tem t e s t  complex i s  r e q u i r e d  
t o  suppor t  o p e r a t i o n s  i n  t h e  s p a c e c r a f t  assembly and t e s t  a r e a ,  
t h e  Venus a tmosphe r i c  s i m u l a t i o n  f a c i l i t y ,  t h e  dynamics t e s t  f a -  
c i l i t y ,  and t h e  the rma l  vacuum test f a c i l i t y .  The sys tem t e s t  
complex computer sys tem w i l l  b e  l o c a t e d  i n  t h e  s p a c e c r a f t  assembly 
and t e s t  a r e a  and w i l l  i n t e r f a c e  t h e  mobile  c a p s u l e - v i c i n i t y  van  
u n i t s  i n  each  f a c i l i t y  a r e a  v i a  d a t a  t r a n s m i s s i o n  l i n k s .  
A t  KSC, a s i m i l a r  f a c i l i t y  suppor t  r equ i r emen t  ex is t s .  Opera- 
t i o n s  i n  a n  assembly a r e a ,  an  e x p l o s i v e  s a f e  a r e a ,  and a t  t h e  
l a u n c h  complex w i l l  be  suppor ted  by t h e  sys tem t e s t  complex com- 
p u t e r  t h rough  a p p r o p r i a t e  d a t a  l i n k s .  Wi th in  t h e  e x p l o s i v e  s a f e  
a r e a  i t s e l f ,  s e v e r a l  t e s t  a r e a s  a r e  needed t o  s u p p o r t  p r e -  and 
p o s t s t e r i l i z a t i o n  t e s t i n g  and p l a n e t a r y  v e h i c l e  i n t e g r a t i o n .  The 
STC computer i s  assumed t o  be  l o c a t e d  i n  t h e  e x p l o s i v e  s a f e  a r e a  
because  o f  t h e  g r e a t e r  number o f  o p e r a t i o n s  t o  b e  conducted a t  
t h i s  f a c i l i t y .  
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Because o f  t h e  s e v e r i t y  of  t h e  s t e r i l i z a t i o n  environment ,  p o s t -  
s t e r i l i z a t i o n  f u n c t i o n a l  t e s t i n g  i s  c o n s i d e r e d  mandatory.  The 
c o n f i g u r a t i o n  o f  t h e  c a p s u l e  a t  t h i s  t ime, however, imposes o p e r -  
a t i n g  and a c c e s s  c o n s t r a i n t s  because  o f  t h e  p re sence  o f  a c t i v e  
py ro techn ic  d e v i c e s  and t h e  s e a l e d  s t e r i l i z a t i o n  c a n i s t e r .  While 
it w i l l  b e  n e c e s s a r y  t o  p r o v i d e  h a r d l i n e  u m b i l i c a l  a c c e s s  through 
t h e  c a n i s t e r  f o r  power and hazard monitor  and c o n t r o l  f u n c t i o n s ,  
i t  i s  d e s i r a b l e  t o  l i m i t  such  a c c e s s  t o  an  a b s o l u t e  minimum. It 
w i l l  be  advantageous ,  t h e r e f o r e ,  t o  p r o v i d e  some b u i l t - i n  t e s t  
f e a t u r e s  i n t o  t h e  c a p s u l e  t o  f a c i l i t a t e  p o s t s t e r i l i z a t i o n  t e s t i n g .  
These  t e s t  
1) 
3 )  
- 
p r o v i s i o n s  w i l l  i n c l u d e :  
A b i l i t y  t o  i s o l a t e  and d i s a b l e  sequencer  commands f o r  
p y r o t e c h n i c  i n i t i a t i o n ;  
S i n g l e - p o i n t  c a l i b r a t i o n  s t i m u l i  f o r  s c i e n c e  e x p e r i -  
ments ;  
A means f o r  p o s i t i v e l y  v e r i f y i n g  t h e  removal o f  com- 
mand d i s a b l e s .  
During t h i s  t e s t ,  a lmost  complete  dependence i s  p laced  on r e -  
q u i r e d  t e l e m e t r y  d a t a  f o r  t e s t  e v a l u a t i o n .  The a v a i l a b i l i t y  o f  
supplementa l  d i s c r e t e ,  a n a l o g ,  and d i g i t a l  d a t a  v i a  h a r d l i n e  i n -  
t e r f a c e s  i s  v i r t u a l l y  n o n e x i s t e n t .  P o s t s t e r i l i z a t i o n  t e s t i n g  
t h e r e f o r e  e s t a b l i s h e s  c e r t a i n  t e s t  p h i l o s o p h i e s  and c o n s t r a i n t s  
t h a t  c a r r y  back i n t o  p r e v i o u s  d e s i g n ,  development ,  and q u a l i f i c a -  
t i o n  a c t i v i t i e s  i n  o r d e r  t o  a s s u r e  equipment c a p a b i l i t i e s  and suc-  
c e s s  c r i t e r i a  v a l u e s  f o r  u s e  i n  t h e s e  t e s t s .  
LAUNCH COMPLEX CONFIGURATION 
The c o n f i g u r a t i o n  o f  t h e  l a u n c h  complex equipment i s  shown i n  
f i g u r e  148 .  The c o n f i g u r a t i o n  proposed i s  e s s e n t i a l l y  a sys tem 
t e s t  complex w i t h  a minimum amount o f  c a p s u l e - v i c i n i t y  OSE. The 
c e n t r a l i z e d  sys tem t e s t  complex computer i s  used t o  s u p p o r t  l aunch  
o p e r a t i o n s  a f t e r  comple t ion  of  KSC f i n a l  assembly,  s t e r i l i z a t i o n ,  
and p l a n e t a r y  v e h i c l e  t e s t i n g .  T h i s  computer remains  i n  t h e  same 
a r e a  a s  f o r  p r e v i o u s  t e s t s  and i s  connected t o  the l a u n c h  complex 
by r f  o r  l a n d l i n e  d a t a  l i n k s .  A t  t h e  l a u n c h  complex, o n l y  power, 
hazard  monitor  and c o n t r o l ,  and H, p r e s s u r i z a t i o n  equipment i s  
r e q u i r e d .  An emergency power supply  i s  provided t o  a s s u r e  c o n t i -  
n u i t y  o f  power i n  t h e  e v e n t  o f  f a c i l i t y  power o u t a g e s .  
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I n  t h e  l aunch  c o n t r o l  c e n t e r ,  a l aunch  monitor  conso le  i s  pro-  
v ided  t h a t  i n t e r f a c e s  w i t h  b o t h  launch  pad equipment and t h e  sys tem 
t e s t  complex computer system. H a r d l i n e  i n t e r f a c e s  w i t h  t h e  l a u n c h  
pad a r e  rou ted  ove r  t h e  T i t a n  I I I C  d a t a  t r a n s m i s s i o n  system. A 
da ta -phone  l i n k  i s  provided between t h e  l aunch  c o n t r o l  c e n t e r  and 
t h e  STC computer .  
Opera t i o n  
A t  l aunch ,  t h e  BVS c a p s u l e  i s  i n  a p a s s i v e  s t a t e .  The o n l y  
a c t i v e  equipment i s  t h a t  r e q u i r e d  t o  p rov ide  a s t a t u s  monitor  func-  
t i o n .  The s p a c e c r a f t  p rov ides  i n s t r u m e n t a t i o n  power and d a t a  
t e l e m e t e r i n g .  During p re l aunch  checkout ,  t e s t  o p e r a t i o n s  a r e  con- 
s t r a i n e d  by t h e  p re sence  o f  onboard p r o p e l l a n t s  and p y r o t e c h n i c s .  
Checkout i s  t h e r e f o r e  l i m i t e d  t o  whatever  s t a t u s  i n f o r m a t i o n  i s  
a v a i l a b l e  from t h e  c a p s u l e  i n  a nonopera t ing  s t a t u s .  Nonoperat-  
i n g  s t a t u s  i n  t h i s  c o n t e x t  i m p l i e s  t h e  powering up o f  t h e  c a p s u l e  
subsystems w i t h o u t ,  however, i n i t i a t i n g  any sequenced o p e r a t i o n s .  
Because t h e  s p a c e c r a f t  combines c a p s u l e  t e l e m e t r y  d a t a  w i t h  
i t s  own d u r i n g  mis s ion  o p e r a t i o n s ,  i t  i s  assumed t h a t  open loop  
and /o r  l a n d l i n e  t r a n s m i s s i o n  o f  capsu le  t e l e m e t r y  d a t a  w i l l  b e  
v i a  s p a c e c r a f t  equipment and d a t a  t r a n s m i s s i o n  channe l s .  A f t e r  
d a t a  s e p a r a t i o n  by t h e  s p a c e c r a f t  OSE, c a p s u l e  t e l e m e t r y  d a t a  a r e  
rou ted  t o  t h e  c a p s u l e  system t e s t  complex computer f o r  p r o c e s s i n g  
and e v a l u a t i o n .  Capsule  s t a t u s  s i g n a l s  a r e  then  t r a n s m i t t e d  v i a  
da ta -phone  l i n k  t o  t h e  l aunch  c o n t r o l  c e n t e r  where t h e y  a r e  d i s -  
p layed on t h e  l a u n c h  monitor  conso le .  T h i s  d a t a  l i n k  a l s o  p r o -  
v i d e s  v o i c e  communication between t h e  l a u n c h  c o n t r o l  c e n t e r  and 
sys tem t e s t  complex o p e r a t o r s .  
Cont inuous moni tor ing  o f  p o t e n t i a l l y  hazardous f u n c t i o n s  i s  
provided by t h e  hazard monitor  and c o n t r o l  equipment a t  t h e  l aunch  
pad. P r o p e l l a n t  and p r e s s u r i z a t i o n  t a n k  t empera tu res  and pres -  
s u r e s ,  and py ro techn ic  d e v i c e  s a f e l a r m  moni tors  c o n s t i t u t e  t h e  
m a j o r i t y  o f  t h e s e  f u n c t i o n s .  Manual s a f i n g  c o n t r o l s  a r e  provided 
b o t h  a t  t h e  l aunch  pad and from t h e  launch  c o n t r o l  c e n t e r .  A l l  
hazard mon i to r s  and c o n t r o l s  a r e  v i a  d i r e c t  h a r d l i n e d  i n t e r f a c e s  
w i t h  t h e  c a p s u l e .  The T i t a n  I I I C  d a t a  t r a n s m i s s i o n  system i s  used 
t o  p rov ide  a h i g h l y  r e l i a b l e  i n t e r f a c e  between t h e  launch  c o n t r o l  
c e n t e r  and t h e  l aunch  pad. 
Power i s  s u p p l i e d  t o  t h e  c a p s u l e  t o  p e r m i t  c a p s u l e  a c t i v a t i o n  
w i t h o u t  d e p l e t i n g  c a p s u l e  b a t t e r y  power s u p p l i e s .  These s u p p l i e s  
a r e  l o c a t e d  i n  t h e  power c o n t r o l  and d i s t r i b u t i o n  r a c k ,  which a l s o  
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c o n t a i n s  c a p s u l e  power t r a n s f e r  and load  c o n t r o l  p r o v i s i o n s .  Power 
i s  a l s o  d i s t r i b u t e d  t o  o t h e r  l a u n c h  c o n t r o l  equipment w i t h  a n  emer- 
gency power s u p p l y  providing-backup power t o  a s s u r e  con t inuous  
m o n i t o r i n g  and s a f i n g  c a p a b i l i t i e s .  
The c a p s u l e  i n c o r p o r a t e s  p r o v i s i o n s  f o r  s t e r i l e  l o a d i n g  o f  
hydrogen g a s  f o r  t h e  b a l l o o n  i n f l a t i o n  system. A p r e s s u r i z a t i o n  
set  i s  provided t o  p r e s s u r i z e  i n f l a t i o n  system t a n k s ,  The system 
i s  s e a l e d  by p y r o t e c h n i c a l l y  o p e r a t e d  v a l v e s  and t u b i n g  c u t t e r s  
c o n t r o l l e d  from t h e  hazard monitor  and c o n t r o l  s e t .  
During t h e  boos t  and o r b i t a l  i n s e r t i o n  phases  o f  t h e  m i s s i o n ,  
command and t e l e m e t r y  i n t e r f a c e s  a r e  e s t a b l i s h e d  between t h e  space -  
c r a f t  and Deep Space S t a t i o n  7 1 .  S p a c e c r a f t  and c a p s u l e  s t a t u s  
monitor  d a t a  can t h e r e f o r e  be  monitored a t  t h e  Mission O p e r a t i o n s  
C e n t e r  i n  t h e  Space F l i g h t  O p e r a t i o n s  F a c i l i t y  a t  Pasadena by d a t a  
l i n k s  p rov ided  by t h e  ground communication system. I f  a l i n e - o f -  
s i g h t  r e p e a t e r  antenna system i s  provided a s  p a r t  o f  t h e  space -  
c r a f t  l a u n c h  s u p p o r t  system, t h i s  same c a p a b i l i t y  can be ach ieved  
d u r i n g  p r e l a u n c h  and l aunch  o p e r a t i o n s .  
MISSION-DEPENDENT EQUIPMENT (MDE) 
The f u n c t i o n  o f  MDE i s  t o  supplement t h e  gene ra l -pu rpose  m i s -  
s i o n  independent  c a p a b i l i t i e s  o f  t h e  Deep Space N e t  (DSN) d u r i n g  
mis s ion  o p e r a t i o n s .  The DSN p r o v i d e s  c a p a b i l i t y  f o r  command con- 
t r o l ;  d a t a  a c q u i s i t i o n ,  p r o c e s s i n g ,  and d i s p l a y ;  and,  r ange  and 
r a t e  t r a c k i n g .  MDE i s  o n l y  r e q u i r e d  where s p e c i a l  d a t a  encoding 
o r  d a t a  d i s p l a y  needs exceed DSN c a p a b i l i t i e s .  Fo r  t h e  Venus m i s -  
s i o n ,  a l l  c a p s u l e  d a t a  and command messages a r e  r e l a y e d  v i a  the 
o r b i t i n g  s p a c e c r a f t  and t h e  c a p s u l e  t h e r e f o r e  h a s  no d i r e c t  i n t e r -  
f a c e  w i t h  the DSN. The DSN does decode,  p r o c e s s ,  and d i s p l a y  
s e p a r a t e d  c a p s u l e  d a t a .  No s p e c i a l  cod ing  o r  d i s p l a y  r equ i r emen t s  
a r e  p r e s e n t l y  p r o j e c t e d  t h a t  would r e q u i r e  t h e  use  o f  MDE and t h e  
g e n e r a l - p u r p o s e  c a p a b i l i t i e s  o f  t h e  DSN should b e  s u f f i c i e n t .  
The s p a c e c r a f t ,  because o f  t h e  a d d i t i o n  o f  o r b i t a l  s c i e n c e ,  
may r e q u i r e  MDE t o  suppor t  d i s p l a y  and d i s p l a y  p r o c e s s i n g  o f  d a t a ,  
such  a s  f o r  photo-imaging expe r imen t s .  
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MISSION -DEPENDENT SOFTWARE (MDS) 
Genera l -purpose  mis s ion  independent  equipment must be suppor ted  
by m i s s i o n - p e c u l i a r  s o f t w a r e ,  p a r t i c u l a r l y  i n  t h e  a r e a s  o f  telem- 
e t r y  d a t a  decommutation and p r o c e s s i n g .  The c a p s u l e  MDS e f f o r t  
w i l l  be t o  supply  s o f t w a r e  s u b r o u t i n e s  f o r  i n t e g r a t i o n  i n t o  DSN 
o p e r a t i o n a l  programs. These  s u b r o u t i n e s  w i l l  p rov ide  t h e  p roce -  
d u r e s  n e c e s s a r y  t o  decommutate c a p s u l e  d a t a  fo rma t s  and t o  per form 
d a t a  p r o c e s s i n g  f u n c t i o n s .  These s o f t w a r e  s u b r o u t i n e s  w i l l  be  d e -  
r i v e d  from s o f t w a r e  programs used i n  suppor t  o f  development ,  q u a l -  
i f i c a t i o n ,  and accep tance  t e s t i n g ,  and w i l l  t h e r e f o r e  have been  
proved by a c t u a l  u se  b e f o r e  t h e i r  i n c o r p o r a t i o n  i n  mis s ion  ope ra -  
t i o n  s u p p o r t .  Coord ina t ion  w i t h  DSN s o f t w a r e  o r g a n i z a t i o n s  w i l l  
b e  r e q u i r e d  because  o f  p o s s i b l e  d i f f e r e n c e s  i n  coding t h a t  may 
e x i s t  i f  computer t y p e s  a r e  d i f f e r e n t ,  and t o  a s s u r e  p rope r  i n t e -  
g r a t i o n  and i n t e r f a c i n g  w i t h  DSN o p e r a t i o n a l  system programs,  
ASSEMBLY, HANDLING, AM) SHIPPING EQUIPMENT (AHSE) 
T h i s  equipment c a t e g o r y  i n c l u d e s  t h o s e  items o f  assembly,  han-  
d l i n g ,  s e r v i c i n g ,  s h i p p i n g ,  and t r a n s p o r t a t i o n  equipment which i s  
supp l i ed  a s  c a p s u l e  sys t em-pecu l i a r  equipment .  I t  i n c l u d e s  assem- 
b l y  s t a n d s ,  p o s i t i o n i n g  f i x t u r e s ,  packing  c a s e s ,  a l ignment  equ ip -  
ment, s p e c i a l  t o o l s ,  c l e a n i n g  equipment ,  t r a n s p o r t e r s ,  c a n i s t e r  
p r e s s u r i z a t i o n ,  and c o n d i t i o n i n g  equipment ,  e t c .  
I n  a d d i t i o n  t o  t h e  AHSE, f a c i l i t y  common usage  equipment such  
a s  c r a n e s ,  h o i s t s ,  f o r k l i f t s ,  t r u c k s ,  e t c . ,  w i l l  b e  used i n  sup-  
p o r t  o f  assembly and t e s t  o p e r a t i o n s .  
FACILITIES 
A t  t h e  c o n t r a c t o r ' s  p l a n t ,  f a c i l i t i e s  needed i n  s u p p o r t  o f  
assembly and t e s t  o p e r a t i o n s  a r e  provided by t h e  c o n t r a c t o r .  I n  
a d d i t i o n  t o  g e n e r a l  b u i l d i n g  s t r u c t u r e s  and s e r v i c e s ,  t e s t  equ ip -  
ment i s  provided t o  perform v i b r a t i o n ,  shock ,  a c o u s t i c ,  Em, 
thermal-vacuum, s t e r i l i z a t i o n ,  and  Venus env i ronmen ta l  tests. Gas 
and p r o p e l l a n t  s t o r a g e  f a c i l i t i e s  , contaminated p r o p e l l a n t  d i s p o s -  
a l  f a c i l i t i e s ,  t e s t  i n s t r u m e n t a t i o n ,  communications,  power, e t c . ,  
used i n  d i r e c t  suppor t  o f  t e s t  o p e r a t i o n s  i s  a l s o  c o n t r a c t o r  p ro -  
v ided .  
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A t  KSC, i t  i s  assumed t h a t  government - furn ished  f a c i l i t i e s  
w i l l  b e  provided  t h a t  a r e  modif ied t o  c o n t r a c t o r  r equ i r emen t s  f o r  
assembly and t e s t  o p e r a t i o n  s u p p o r t .  
OSE CONFIGURATION DIFFERENCESy FLYBY VS ORBITAL MISSION 
Capsule  sys tem d i f f e r e n c e s  f o r  t h e  1972 f l y b y  mis s ion  and t h e  
1973 o r b i t a l  mi s s ion  a r e  a s  f o l l o w s :  
1) D e f l e c t i o n  p r o p u l s i o n  i s  a monopropel lan t  sys t em r a t h -  
er t h a n  t h e  1973 o r b i t e r  b i p r o p e l l a n t '  sys tem;  
2) Power subsystem s o l a r  p a n e l s  a r e  d e l e t e d  from t h i s  
c o n f i g u r a t i o n ;  
3) An S-band d i r e c t  communication l i n k  t o  t h e  DSN i s  p ro -  
v ided  t o  suppor t  command and d a t a  r e t u r n  f u n c t i o n s  
a f t e r  e n t r y  and deployment phases ,  which c o n t i n u e  t o  
u s e  t h e  uhf r e l a y  l i n k  t o  the s p a c e c r a f t .  
Changes t o  t h e  b a s i c  1973 o r b i t e r  mi s s ion  OSE t o  suppor t  a 
1972 f l y b y  mis s ion  a r e  d e s c r i b e d  i n  t h e  fo l lowing  pa rag raphs .  
System Test  Equipment 
Capsule  sys tem d i f f e r e n c e s  a r e  n o t  s i g n i f i c a n t  enough t o  a l t e r  
t h e  r e s u l t s  o f  t h e  sys tem t e s t  complex c o n f i g u r a t i o n  s t u d y .  The 
e a r l i e r  mi s s ion  d a t a  emphasizes t h e  schedu le  a v a i l a b i l i t y  f a c t o r  
and r e i n f o r c e s  t h e  need f o r  a p p l i c a t i o n  o f  a sys tem o f  p r i m a r i l y  
e x i s t i n g  d e s i g n .  The c e n t r a l  computer sys tem i s  t h e r e f o r e  re-  
t a i n e d  f o r  t h i s  mi s s ion .  
D i f f e r e n c e s  i n  t h e  sys tem t e s t  complex equipment complement 
a r e :  
1) Only one p r o p e l l a n t  s e r v i c i n g  u n i t  i s  r e q u i r e d  f o r  
t h e  monopropel lant  sys tem a s  compared w i t h  t h e  two 
t y p e s  needed i n  suppor t  o f  a b i p r o p e l l a n t  sys tem;  
2) The s o l a r  pane l  l i g h t  s o u r c e  i s  d e l e t e d ;  
3) S-band c a p a b i l i t i e s  a r e  added t o  t h e  t r a n s m i t t e r /  
r e c e i v e r  se t s  t o  s u p p o r t  checkout  o f  t h e  S-band d i -  
r e c t  l i n k  communications on t h e  c a p s u l e .  
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Other  d i f f e r e n c e s  a r e  t h e  r e d u c t i o n  i n  t h e  number o f  pyro- 
t e c h n i c  sys tem f u n c t i o n s ,  t h e  d e l e t i o n  o f  s o l a r  power r e g u l a t o r s ,  
and changes i n  t h e  number o f  c o n t r o l  and moni tor  s i g n a l  i n t e r f a c e s  
w i t h  t h e  c a p s u l e .  Because o f  t h e  gene ra l -pu rpose  n a t u r e  o f  t h e  
OSE, t h e s e  d i f f e r e n c e s  have v e r y  l i t t l e  impact  on t h e  1973 o r b i t a l  
mi s s ion  b a s e l i n e  c o n f i g u r a t i o n .  
Launch Complex Equipment (LCE) 
No d i f f e r e n c e s  e x i s t  i n  LCE f o r  t h i s  mi s s ion  c o n f i g u r a t i o n .  
Miss ion  Dependent Equipment (MDE) 
For  t h e  o r b i t a l  mi s s ion  t h e r e  was no d i r e c t  i n t e r f a c e  w i t h  t h e  
DSN. The f l y b y  mis s ion ,  however, adds an  S-band d i r e c t - l i n k  f o r  
postdeployment  communications.  T h i s  i n t e r f a c e  imposes a r e q u i r e -  
ment on  t h e  DSN f o r  s u p p o r t  o f  b o t h  s p a c e c r a f t  and BVS S-band 
l i n k s .  T h i s  c a p a b i l i t y  e x i s t s  w i t h i n  t h e  DSN, however, and no 
s p e c i a l  MDE i s  needed.  
Miss ion  Dependent Sof tware  (MDS) 
The f l y b y  mis s ion  w i l l  add somewhat t o  t h e  minimum MDS e f f o r t  
de f ined  f o r  t h e  o r b i t a l  miss ion .  Because t h e  DSN r e c e i v e s  p o s t -  
deployment d a t a  d i r e c t  from t h e  c a p s u l e ,  s o f t w a r e  programing t o  
e s t a b l i s h  b i t  r a t e  and frame s y n c h r o n i z a t i o n  must be  provided .  
Sof tware  w i l l  a l s o  b e  provided f o r  f o r m a t t i n g  and coding ground 
commands t o  t h e  BVS. 
OSE CONFIGURATION DIFFERENCES, SWINGBY VS ORBITAL MISSION 
Capsule  sys tem d i f f e r e n c e s  f o r  t h e  1973 Venus/Mercury swingby 
miss ion  from t h e  1973 o r b i t a l  miss ion  a r e  a s  fo l lows :  
1) D e f l e c t i o n  p r o p u l s i o n  i s  a monopropel lan t  sys tem r a t h -  
er t h a n  t h e  o r b i t e r  b i p r o p e l l a n t  system; 
2) Power subsystem s o l a r  panel  a r e  d e l e t e d .  from t h i s  
c o n f i g u r a t i o n  ; 
3) S-band d i r e c t  communication l i n k s  t o  t h e  DSN a r e  pro-  
v ided  f o r  b o t h  t h e  BVS and t h e  subson ic  probe i n s t e a d  
o f  t h e  uhf r e l a y  l i n k s  t o  t h e  s p a c e c r a f t ;  
43 3 
4 )  An a c t i v e  a t t i t u d e  c o n t r o l  sys tem i s  provided f o r  t h i s  
mi s s ion  i n  p l a c e  o f  t h e  s p i n  s t a b i l i z a t i o n  sys tem p ro -  
v ided  f o r  t h e  o r b i t a l  mi s s ion .  The a c t i v e  ACS w i l l  
be  a co ld  g a s  sys tem c o n s i s t i n g  o f  r e a c t i o n  j e t s ,  
so l eno id  c o n t r o l  v a l v e s ,  v a l v e  d r i v e r s ,  a smal l  d i g i t a l  
computer,  and an i n e r t i a l  measurement u n i t .  
Changes t o  t h e  b a s i c  o r b i t e r  mi s s ion  OSE t o  suppor t  a Venus/ 
Mercury swingby miss ion  a r e  d e s c r i b e d  i n  t h e  fo l lowing  pa rag raphs .  
S y s t em T e s t E quip  men t 
Capsule  sys tem d i f f e r e n c e s  a r e  no t  s i g n i f i c a n t  enough t o  a l t e r  
t h e  r e s u l t s  o f  t h e  sys tem t e s t  complex c o n f i g u r a t i o n  s tudy .  The 
c e n t r a l  computer sys tem i s  t h e r e f o r e  r e t a i n e d  f o r  t h i s  mis s ion .  
D i f f e r e n c e s  i n  t h e  system t e s t  complex equipment complement 
a r e :  
1) Only one p r o p e l l a n t  s e r v i c i n g  u n i t  i s  r e q u i r e d  f o r  
t h e  monopropel lant  sys tem a s  compared w i t h  two t y p e s  
needed t o  suppor t  a b i p r o p e l l a n t  system; 
2 )  The s o l a r  pane l  l i g h t  s o u r c e  i s  d e l e t e d ;  
3 )  S-band c a p a b i l i t i e s  a r e  added t o  t h e  t r a n s m i t t e r /  
r e c e i v e r  se t s  t o  suppor t  checkout  o f  t h e  S-band d i r e c t -  
l i n k  communications on t h e  BVS and t h e  subsonic  probe .  
UHF c a p a b i l i t i e s  a r e  n o t  needed and can b e  d e l e t e d ;  
4 )  The G&C subsystem change w i l l  r e q u i r e  t h a t  t h e  com- 
p u t e r ,  i n e r t i a l  measurement u n i t ,  so l eno id  v a l v e  d r i v e  
s i g n a l s ,  and s o l e n o i d  o p e r a t i o n  be  v e r i f i e d  d u r i n g  
sys tem t e s t s .  These  checkout  r e q u i r e m e n t s ,  however,  
a r e  w i t h i n  t h e  gene ra l -pu rpose  d i s c r e t e ,  ana log ,  and 
d i g i t a l  c a p a b i l i t i e s  of  t h e  sys tem t e s t  complex. 
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Launch Complex Equipment (LCE) 
A t  t h e  l aunch  complex, p r o v i s i o n s  w i l l  b e  r e q u i r e d  t o  s u p p o r t  
S-band d i r e c t  communications.  These p r o v i s i o n s  w i l l  i n c l u d e  t h e  
a d d i t i o n  o f  an r f  r e l a y  an tenna  a t  t h e  l a u n c h  pad and S-band 
t r a n s m i t t e r l r e c e i v e r  se t s  i n  t h e  c e n t r a l  computer a r e a .  T h i s  w i l l  
permi t  d i r e c t  r e c e p t i o n  of c a p s u l e  d a t a ,  which i s  no longe r  i n t e r -  
l eaved  w i t h  s p a c e c r a f t  d a t a  excep t  f o r  a l i m i t e d  amount o f  s t a t u s  
monitor  d a t a  needed d u r i n g  l aunch  and c r u i s e  phases .  
D i g i t a l  i n t e r f a c e  equipment w i l l  a l s o  be  r e q u i r e d  a t  t h e  
l aunch  pad t o  p rov ide  G&C computer l o a d ,  v e r i f i c a t i o n )  and upda te  
c a p a b i l i t i e s .  T h i s  equipment w i l l  be c o n t r o l l e d  from t h e  c e n t r a l  
computer ,  which w i l l  p rovide  r e q u i r e d  programing o v e r  d a t a  t r a n s -  
mis s ion  l i n k s  t o  t h e  pad. 
Mission-Dependent Equipment (MDE) 
The VenusIMercury swingby mis s ion  imposes a requi rement  on t h e  
DSN t o  s u p p o r t  d i r e c t  communications w i t h  t h e  BVS, subson ic  p robe ,  
and t h e  s p a c e c r a f t .  T h i s  c a p a b i l i t y  e x i s t s  w i t h i n  t h e  DSN, how- 
e v e r ,  and no s p e c i a l  MDE suppor t  i s  needed. 
Mission-Dependent Sof tware  (MDS) 
The Venus/Mercury swingby miss ion  w i l l  add t o  t h e  minimum MDS 
e f f o r t  d e f i n e d  f o r  t h e  o r b i t a l  mi s s ion .  Because t h e  DSN r e c e i v e s  
p o s t s e p a r a t i o n  d a t a  d i r e c t  from t h e  c a p s u l e ,  s o f t w a r e  programing 
t o  e s t a b l i s h  b i t  r a t e  and frame s y n c h r o n i z a t i o n  must be p r o v i d e d ,  
Sof tware  w i l l  a l s o  be provided f o r  f o r m a t t i n g  and coding ground 
commands t o  t h e  BVS. 
CONFIGURATION ALTERNATIVES 
Three  s e p a r a t e  c o n f i g u r a t i o n s  were i d e n t i f i e d  and eva lua ted  
f o r  a p p l i c a b i l i t y  t o  t e s t  and o p e r a t i o n s  f o r  t h e  BVS system a t  
and above t h e  module l e v e l .  These c o n f i g u r a t i o n s  a r e  d i s c u s s e d  
i n  t h e  f o l l o w i n g  s u b s e c t i o n s .  
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Module-Level Checkout System 
I n  t h i s  c o n f i g u r a t i o n  t e s t  set? a r e  des igned  s p e c i f i c a l l y  t o  
suppor t  t h e  module l e v e l  o f  assembly and t e s t .  To a c h i e v e  sys tem 
l e v e l  t e s t  c a p a b i l i t i e s ,  t h e  module- leve l  t e s t  s e t s  a r e  assembled 
t o g e t h e r  t o  form a sys t em- leve l  t e s t  se t .  I n t e r f a c i n g  o f  t h e s e  
t e s t  se t s  i s  no t  a s i g n i f i c a n t  problem because  o f  t h e  f u n c t i o n a l  
independence o f  s e v e r a l  o f  t h e  modules,  and t h e  f e a s i b i l i t y  o f  
s e q u e n t i a l  r a t h e r  t h a n  p a r a l l e l  o p e r a t i o n  i n  mis s ion  s i m u l a t i o n  
sequences .  
I n t e g r a t e d  System T e s t  Complex 
T h i s  t e s t  complex i s  des igned  s p e c i f i c a l l y  t o  suppor t  a s y s -  
t e m  assembly l e v e l  of t e s t .  A s  such ,  it c o n t a i n s  a l l  t h e  func-  
t i o n a l  t e s t  c a p a b i l i t i e s  needed t o  a l s o  suppor t  module- leve l  t e s t s .  
Because o f  t h e  f u n c t i o n a l  independence o f  s e v e r a l  o f  t h e  modules,  
t h e  use  o f  a n  i n t e g r a t e d  t e s t  s e t  t o  suppor t  module- leve l  t e s t s  
p r e s e n t s  no i n t e r f a c i n g  problems o f  any consequence. Gene ra l -  
purpose  c a p a b i l i t i e s  provided f o r  sys t em- leve l  t e s t  a r e  more t h a n  
a d e q u a t e  t o  suppor t  module- level  t e s t s ,  i n c l u d i n g  t h e  a d d i t i o n a l  
i n t e r f a c e  s i g n a l  s i m u l a t i o n  needed a t  t h e  module l e v e l .  
The most s i g n i f i c a n t  d i f f e r e n c e  between t h e  module- leve l  check-  
o u t  sys tem and t h e  i n t e g r a t e d  sys tem t e s t  complex i s  i n  t h e  amount 
o f  p rov i s ioned  hardware r e q u i r e d .  Module- level  t e s t  se t s  must 
e a c h  c o n t a i n  s e l f - s u f f i c i e n t  p r o v i s i o n s  f o r  tes t  c o n t r o l  and d a t a  
a c q u i s i t i o n .  I n  many i n s t a n c e s ,  f u n c t i o n a l  redundancy a l s o  e x i s t s  
between t e s t  se t s  t o  s a t i s f y  s i m i l a r  o r  i d e n t i c a l  f u n c t i o n s  w i t h i n  
t h e  sys tem modules. These f u n c t i o n a l  r edundanc ie s  e x i s t  p a r t i c u -  
l a r l y  i n  t h e  a r e a s  o f  power, p y r o t e c h n i c s ,  sequencing ,  and com- ~ 
munica t ions .  
Conver se ly ,  however, t h e  module- leve l  t e s t  se t  concept  p ro -  
v i d e s  c o n s i d e r a b l y  more freedom of  u s e ,  and does n o t  r e q u i r e  t h e  
e x a c t i n g  t ime-sha r ing  schedu le  t h a t  t h e  i n t e g r a t e d  sys tem t e s t  
complex c o n f i g u r a t i o n  r e q u i r e s .  
C e n t r a l i z e d  Computer System 
A medium s i z e d  computer sys tem i s  l o c a t e d  i n  a c e n t r a l  con- 
t r o l  a r e a  and connected t o  c a p s u l e - v i c i n i t y  i n t e r f a c e  equipment 
by d a t a  t r a n s m i s s i o n  l i n k s .  Each t e s t  a r e a  has  a d a t a  l i n k  t e r -  
minal  t o  which a c a p s u l e - v i c i n i t y  van  s e t  i s  connected f o r  i n t e r -  
f a c e  w i t h  t h e  computer t o  s u p p o r t  t e s t  o p e r a t i o n s  i n  t h a t  a r e a .  
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To suppor t  p a r a l l e l  c o n t r a c t o r  f a c i l i t y  and KSC o p e r a t i o n s ,  two 
computer s e t s  a r e  r e q u i r e d .  Four c a p s u l e - v i c i n i t y  van s e t s  a r e  
p r o v i s i o n e d .  T h i s  concept  i s  an  e x t e n s i o n  of t h e  i n t e g r a t e d  s y s -  
t e m  t e s t  complex. It r e t a i n s  t h e  t i m e - s h a r i n g  concept  o f  t h e  
i n t e g r a t e d  system t e s t  complex and c e n t r a l i z e s  t h e  t e s t  c o n t r o l  
and d a t a  d i s p l a y  f u n c t i o n s .  I t  adds a computer d a t a  p r o c e s s i n g  
c a p a b i l i t y  n o t  provided i n  t h e  o t h e r  c o n f i g u r a t i o n s ,  and r educes  
t h e  amount o f  OSE t h a t  must be  r e l o c a t e d  between t e s t  a r e a s .  It 
a l s o  p rov ides  remote o p e r a t i o n  c a p a b i l i t i e s  t h a t  a r e  u s e f u l  f o r  
hazardous  o p e r a t i o n s  i n  e x p l o s i v e - s a f e  and l aunch  a r e a s .  T h i s  
sys tem i s  based upon an e x i s t i n g  T i t a n  I I I M  d e s i g n  which r educes  
d e s i g n  and development a c t i v i t i e s  and improves schedu le  a v a i l a -  
b i l i t y .  A f o u r t h  c o n f i g u r a t i o n  a l t e r n a t i v e  e x i s t s  t h a t  would pro-  
v i d e  subsys tem-or ien ted  t e s t  s e t s .  The subsys tem-or ien ted  con- 
c e p t ,  however, i s  n o t  compat ib le  w i t h  t h e  p r a c t i c a l  a s p e c t s  o f  
module assembly and t e s t  because  many i n d i v i d u a l  subsystem e l e -  
ments a r e  d i s p e r s e d  among t h e  s e v e r a l  sys tem modules. T h i s  con- 
f i g u r a t i o n  was t h e r e f o r e  d i s c a r d e d  a f t e r  p r e l i m i n a r y  c o n s i d e r a t i o n .  
Two a d d i t i o n a l  implementa t ion  a l t e r n a t i v e s  could be  f a c t o r e d  
i n t o  each  o f  t h e  t h r e e  b a s i c  c o n f i g u r a t i o n  a l t e r n a t i v e s .  These  
implementa t ion  a l t e r n a t i v e s  c o n s i d e r  t h e  u s e  o f  OSE a s  e i t h e r  
v e h i c l e  o r  f a c i l i t y  
F a c i l i t y - o r i e n t e d  OSE would be  i n s t a l l e d  a s  f i x e d  equipment 
i n  t h e  s e v e r a l  t e s t  a r e a s ,  w h i l e  v e h i c l e - o r i e n t e d  OSE would b e  
r e l o c a t e d  w i t h  t h e  v e h i c l e  a s  i t  moved from t e s t  f a c i l i t y  t o  t e s t  
f a c i l i t y .  
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CONCLUSIONS 
A 400-lb c l a s s  buoyant  s t a t i o n  i s  f e a s i b l e  w i t h ,  and  produces 
an  a t t r a c t i v e  a d d i t i o n  t o ,  a 1972 f l y b y ,  1973 o r b i t a l ,  o r  Venus/ 
Mercury mis s ion  u s i n g  a T i t a n  I I I C  launch  v e h i c l e  and e i t h e r  a 
Mar iner  o r  Lunar O r b i t e r  c lass  s p a c e c r a f t .  T h i s  c l a s s  BVS p e r -  
m i t s  a 175- lb  gondola  w i t h  approx ima te ly  60-lb a l l o c a t e d  t o  
s c i e n t i f i c  i n s t r u m e n t s .  The remainder  i s  a l l o c a t e d  t o  te lecom- 
mun ica t ions ,  e i t h e r  uhf r e l a y  t o  t h e  companion s p a c e c r a f t  o r  
S-band d i r e c t  t o  E a r t h ,  and power s u p p l i e d  by ba t te r ies  w i t h  
t h e  o p t i o n  of add ing  a s o l a r  a r r a y .  . 
The 1972 f l y b y  and 1973 o r b i t a l  mi s s ions  a l l o w  t h e  c a p s u l e  
t o  e n t e r  on t h e  l i g h t  s i d e  of Venus. The VenusfMercury mis s ion  
r e q u i r e s  a d a r k - s i d e  e n t r y .  The f l y b y  and o r b i t a l  mi s s ion  com- 
mun ica t ions  have a uhf l i n k  between t h e  BVS and s p a c e c r a f t  f o r  
t h e  s e p a r a t i o n ,  c o a s t ,  a tmospher ic  e n t r y ,  and deployment.  The 
o r b i t a l  mi s s ion  c o n t i n u e s  t o  u s e  t h e  uhf l i n k  t o  t h e  o r b i t i n g  
s p a c e c r a f t  each  o r b i t a l  pass .  The f l y b y  mis s ion  swi t ches  t o  a n  
S-band l i n k  d i r e c t l y  t o  E a r t h  f o r  t h e  f l o t a t i o n  mis s ion .  The 
Venus/Mercury mis s ion  geometry r e q u i r e s  t h e  BVS t o  u s e  an  S-band 
l i n k  t o  E a r t h  f o r  a l l  phases  of t h e  BVS miss ion .  
Immediate s t e p s  toward t h e  development of a h e a t  s h i e l d  - -  de- 
pending on t h e  mis s ion  s e l e c t e d  -- shou ld  b e  unde r t aken .  T h i s  
i s ,  of c o u r s e ,  independent  of t h e  d e s i r a b i l i t y  of t h e  BVS con- 
c e p t .  
The more d e t a i l e d  s i m u l a t i o n  of t h e  deployment and i n f l a t i o n  
of the b a l l o o n  performed i n  t h i s  s t u d y  and t h e  p r e l i m i n a r y  de- 
s i g n  work under taken  has  demonst ra ted  t h a t  t h e  problem does n o t  
r e p r e s e n t  a s i g n i f i c a n t  development r i s k  and i s  w e l l  w i t h i n  t o -  
d a y ' s  technology.  Some urgency i s  f e l t ,  however, f o r  b a l l o o n  
m a t e r i a l s  s e l e c t i o n  and t e s t i n g  e f f o r t .  Data  on t h e  behav io r  
of c a n d i d a t e  m a t e r i a l s  i n  t h e  r e q u i r e d  environments  a r e  g e n e r a l l y  
incomple t e ,  The demonst ra t ion  of a f u l l - s c a l e  b a l l o o n  system i s  
a l o g i c a l  e a r l y  s t e p  and w i l l  n o t  p r e s e n t  s i g n i f i c a n t  d i f f i c u l t i e s  
because  of t h e  ease w i t h  which t h e  depolyment and  i n f l a t i o n  env i ron -  
ment can b e  s imula t ed .  
M a r t i n  M a r i e t t a  Corpora t ion  
Denver,  Colorado,  J anua ry  8, 1969 
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